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l lepet1aion ,eot1.fftotni1. fl•W D-l 
t bpe1•too 4oefflc;f.•nt•,. f£•14 OS.II· t8 
J Patlc1e •I.a• 4l•td.butioo 9 
4 1T..-u7 of oocvrr._. d irun la tlae toS.l • ..,1.. 100 
5 ••~tole •in 4Ptrl'butin -..11.ton 101 
6 ..,_,.._ of •&Mt-lftl •tl'•aatb ,__,_.., ua.' an4 c 103 
7 CodW.ue tnt•nA1* of t• 4 lOl 
I S.U.:t•• of coll .. lon, C, fnm-.- t••t• 108 
t bper.._ca1 _. aalnl•ttMI ..... en..- 19' 
·10 ltaadud .non of lnet .._. 111 
u. ...ltul ..... , •• •t-- -' ..... , ....... ., .. 
hretoa t .. t • field DS.b H4 
11 ...... IHal'tq •tnt:• ............ -*'•· 
10J'•loa t .. c • fle14 0-1 147 
1S MUfJUI t:OJ'4.UAl • v .. t.•t 169 
14 Ket•wi-e COtttMt .. bvU1 wlue •labt 110 
15 ......, davtoe oallb~•tloa 111 
Till• ~•f• • to t • dlffer-.i .. o t al llllftlpulatioaa of t"- • ll 
that • aec •• .., to pr uc• •oU co ht oa fa'YOr81• to Cl'op arowt • 
11 tilt ta OlllaODlJ r•f•rred to aa the J•lcal itlon Of toil 
to t.t• rel&tlou t orop growth. Tlllap ta reapoulble tw tile t.ew• 
Mnt of til bl _., f. tanc:... hlabllt.ty t• aa illpOl't&Gt factor 
ri eoU tilt • TM taap f friPUtty in vhtc tUt 
n the atalldpoint of c:rop arowtb u alto the r•na• 
ill •oU t• tilled c ._t••t be ket toU P' la• 
ti cu•• (2. • 5·317). 
·artoua • a haft bMn pl'OS*I bJ •llY different in: tf.pto-r• 
fo wturl •oil ts.1th. ._....r, t pr ed •tlaocl• do t give 
c · •t•ly t"•ll 1• .._. f claaraot•rtataa aoU ttlt (2, pp. 387· ) • 
aecHmt intet'e•t bu bee alt.own for upn••lsaa, la t•r• of •-t•r•• 
t ruult t • dllap opet'a loa tucb u plovina. 'l'h• aoU po•••• .. • 
erteta cbaractertattoa ~• • t tllla .. ope't&tto • •• hal'ac• 
teriattca .. , or aAJ DO be &lt•red dvr1 I t tlllaae operatl • for 
• le, u t<>tl fOYe t.aa plowed i• raibe fin, IM.at after plovsaa 
it le aoulat t a Oel' &ia dear-. ltace ar-.latS. t to a 1U .. 
ezce t • u a n• 1 of at.ear, th• re•l•tac• f eoll to •IMtar be 
•uur9d, lt Iii ••1b1• to evaluate dae 4•ane of p:awlacto 
'1 wa • force• of a ear ow t • • ro ...,_.ted to • ear. As ano ur 
• le, IOllll tllla.. perattorut tk• 11 tit co.,ac~ed. A .... ure f 
t reeiat • of · • • il to ar be! re and after . .,.ctioa lliaht be 
2 
.. ct.Ate of tlae ••ra i.,arted to t • toil dvrlq co.pectloo. 
lf tbe r•alataoc• of IOU to abear ti touQd. to be • aid to a .... 
of .-v luatin tlllA&e operatlol\.8 a conaertuenely th• alter•tioua ca..t 
t** lac 1n the •oU url a till op r•Uou, then erhapa1 vlt a 
koovn opU.lUI •oU tUth. att ptiaua 111•&* op•r•U.on could be arrlwd 
at to prod~c• tlll• tilth. 
tu r••iauaae of toil to ebeu •1 .uw other itlplicatlou vttb 
T•prd 0 IOU tiltb, •1DO• •oU •hear baa MU ahovn to ...,. • funcU.OJa 
of •••r•1 aotl p1a,.1ca1 pro,.rtt•• (16). 
Jl!pOr~ of Iott l1MMlr tu Aaricvltural Qaiaeerlna 
tohob ta 1929 (17) vu the fir1t tav .. tlgate aotl dJ"Q&lllc• for 
• rpo1e of tillage lllpleMD.t uip. H• r•uo that f.t ., .. 
••l'Y to detaraatu. • properti•• of • 11• vbtcll affect tlaolr reac~ 
cioQ8 to tlllau,e t la l orct.r to properl7 d •tan ct11..- toole. 
• U phyalcal propertl•• pertlunc to tiUap impl.-nt ealp 
wre d•t•l"llia..l s.o th• foUowina .aAMt: A nickel-plate model plow •• 
1111.l ted tut.de a eaUe a 
iM• of __,. plat• 1aaa. A ps-l••t.lc: l>tnocutar atoro•copa vu nt• 
ed to .:ave vi • 1 ta tb.at th• reactlooa of tbe eoU to the plow 
could • obMrv t:Jtroup • plat• 11 .. 1. art •otla Wt"• vied, aQd 
tlle plowin vu dooe· at. Ule.-eot d•pcha ln eac eo11.. • fouacl th& 
tile eoil rMCtio t tJwa plow wr• •illllar in all cue•; 11• the 
Uiporteoce of tba different 10U. pro,.rtlGI ob a reautance to abaar, 
reat.tuce to co11pr .. af. , frlctf.oa, tlOd. adh•alon ar1e.d for the dlf .. 
tchol• (17 • P• I.I) dd'iMc& •otl abeu u . • • u tbe allpptq of aotl 
°"r 9011 UICl iU velue l• that of tM latemal n•l•tuc:• of a aof.1 to 
1 .,,,.....t f tu pUttclM. '1 Aa ••taa to •tcbol• (11, p. S) • .oll 
•bear ti lllfort• i the 410t:l of • till•.. tool la tlM followta1 va,1 
M w point of tlae plow ... ._.. tllroiap IM aotl tbe lacU.ned 
plaa. followt1t1 it COlllPH•••• tM 9011 tirpvud aad forward. 
a- ell• r•i•tasao to COllfha•S.0. .. .-. tM auar •l•, 
tu block of 1011 u allearect of I Md -... fWari M4 forward 
u a aoU.4 watt. 'Ae fore• re.-lrad for , .. ac:tton 4•,_.. 
poo tu nawe• of tile HU aad tM f rlct1o of a. •tat 
tM Mil. 
Pt.pre 1 tUu•tl'at .. t•t.t ac:tion. • pea oo fu~tta.r to Up1-ia cu 
ptil .. ri11aa action .. fol~• 
daa plow ato lt t dMa fom of • cu.rw. coutaa1l7 
tac-r ... s. 1 t •t .. •••• the force l'-..lred to .,,,. ti. aotl 
up tM pt ... ta ouuatt1 lncnutq ad the forwm n-
•l•tac• f the .oll _.t M ,.. .. ,... to cau• thi• 11n1 
raplcl -.111at. Al m HlG 'beoCMI• ., ... marly ,.~•Heu• 
lu it vlll M noUd tllat U. •t.1rt•• applytaa foroe la 
... rly at d.pt nalo to tM Mrf4lQ at the polllt, n. 
ptl•rl•loa acttoo of t1M plow ta tlan to tba -al•• of 
tll• • rf•• . lJtaa !ore• Nial cbaapd tllroua1& the eaUn 
rop of t.le cvnie of r.M plov froa dae __.111toriaoDU1 
poin.t to tlM wrtl al upper Ai • 
Wlcbole lllova la laS.. lat•J: vnk tut tlMt pulverlMU.oa cleMrtNd abow i• 
&lao a eburiot Mtloft. 
Dud.•& tbe puiocl f.._ 1929 to 19)2 Wtdlola ...ie eewral cliffernt 
• iM o er taa t1M d,..._o pnperU.•• of aoU• (14, U, 16). TIMla• 
•tucll••• SAolucHna one ou ta..•• Y&lUd of aoila, •n conducted to 
attaf.A a ktt•r 1111.l•r• udlq of da• pbyetcal pr•rti .. of the aoU 
before •tuA111:G1 th• ~.-ctt.oo of 9011 to a tllla .. iapl ... nt. 




tbe d,.alc popa~tiu f aoit. tlae)' lt•Ud t:M pil"Mwi.Utt• of tbe 
fun alto• aa of die illportant eecbaatcal fwttou of a plow. 
Tlda p.alwrtaatioll 1• an lt of a Md ... ol ._ faUuu. ftMt7 
ft"fM lbat a i-. t pr .e pulwt'iaatloa, ahu14 haw a certata 
11aapl that c "- 41.._tk4 Mdauetic•ll1. IMJ wurtld the ... .,.. of 
a IWllkr t 111cc .. 1tul plan and touQd tlaat all t dMll apud 'ftl'J 
clOHly the •m ... ucai abape. 
tcbola _. ~ u 19'4 (19) 1tuclhd tlMt pllyek&l naot1ona ol 
•oil lo 1111>ldlitoad wf f •••· A poup of •i• plow• vuytq in alaape vu 
hCI to a f telcl fr.. froa tut"f M• tr•ll 90 dMlt tJae ruottou c:ouU IMt 
auU7 obHne4. thu atudy dae, fou t"M 1 ... ruatl of 
furrow •ll • M pt' b7 two .. ta of Al' planu. prlMrJ' abut' 
plaae• w !ol"Md d&e *• actt f poiat of tba plow. _. 
tbu• pl.... eneacl f l"ftr4 fr tile · ta of t plow at 
aaate f 45 ctesna to cUrecttcm of: tr&'Ml. l•Ofttia)t •Mu plau 
•r• lo~ at rt.pt. -al•• t dMa prf.MrJ pl-.. lt .,.. tlae cOllltiaa-
ttoo of mar O'D thell• two cll•tlM p1-• tlaat pl'od-.c: .. pol"Mrt.aau.on. 
lfcCr••l'J Md llt laol• 1 1956 (U) 1tucH.ed cu relattould.pe betwea 
aoll the .. _.cry of 4t•b· tJaa • atql• •t•k bi.de in t •11 
1d:• at ta.. 'tillap atorf (VIDA), tu7 wn able o obaerM 
ti. nat:U 11 of eo11 t the ·i.k lade. 1 obtel"nd that, after 
p.-tl'atiosa, O. cll.ek COllPl'U•u ti.. •oll uatil lt fail• •loaa prim'rf 
•bear pl .... • ahut 45 ..... frH cu .,.l't&cal. ~ bl.oekl of eotl 
foftlH •1 ~t• failun were thll uudd to mow ._.. aa4 l•terallr b7 
the •pb•rf.c•l aurfao• of dle dbk blM•, and ruultt.aa la ucoalllarr 
1 
...._ pluu t'Wply ,.,..lcul• to tile priurf pl-.a H1q prodv"4. 
ftlt c•t1*1 action of ••• on two 4tffvat planel PICllld I.II 
pul..a•la.tloa of tta. eoil. 
TU •tlldt•• cltd: .o far 11w • iftaaU.t&tt" ... 1aac1aa of tla• ,_. 
11toa ol Mf.1- to the clUap toola .,., oo·•••lJ ua4 ta low. th• 
•l•baaft plow _. tM 4t•k. .,.. othu lat•n•tlaa •toctt .. nlatta1 
tM C-.,ol'noo• o1 aoU ...._ foil•. 
IMkUp ta lfJ7 (4) coaatruc1*f leontoty fulU.ci• fn t•ttaa 
.u1 lllfl_.tt tn •tl. .. ..,.... • true ao4e1 •rst• .- 1Ge'1.ta4 
ana tile P4Q't1-t w.vl81M fOl' pndt.cttq tka draf c: of • df.1k cu 
h\k wl.- wtgbt, •i•tlln c:onteei. *'4 alay c.or.ttnt for 4ucrtbi*8 
tll• ao11 coatietora. Prdlotl_. ,,,,. -411 to protatn- b_... tunu• 
.tqly Wl'lfl U 14'11• wJ.tb blP. CUf O-cmtellt• WT• .... ftere ... •lM 
• 4eorMH a accurac7 of tll• predtccsoa widl • l.ac• ... • f.l\ •i-•c.un 
contgt. 
Uur ._. Pffltld.., ltlw1ttptt0111, Kct..eo4 (ll) coaelwt.i that 
the ..i.1 171t• IOl:kbop had w:ra.t vl.da ... "°' a cw. -4•1 aftd tMt 
• ._ ,..,ts.at Ml1 .,.tel• Ol' yUidla Ud IMlen OldtCIMt :to the ..S.1 
,_tao. tn • 4:1.ttot'td -4•1 •rtt•• llcteo4 Ollllt.t.ed •l•tur• coot•t -4 
oi., c:oateat and au.eel .,,_ .. t ••••i• (C)• Oil• ot •he•£na 
nataonu (un •>, . .w .,,., •• , a6ttttort .. .-ct•ae va'l'talu t• 
U.ortJd.q th MU co•Htf.oa. Be _, abl• to Mk• r•••onOl• toro• 
pnclktt ..... , .. die dl•t•t ...... 1 .• ,.~. 
loelaM to 11'6 (2S) •tudla4 th• rMGtl.on of 4Sf!e-....c MU• to• 
alllpl• ci11• 1001. .a. u~ • .-u f.aoli-4 plaM 11,.e tool to till 
• 
aoU• tba wr• Mld ta Mil btu. loUM l>Mned, u •tebol• t4, that 
• pt-.e wn f~ t h-ont of tlMl ttll ... tool • •t -.ie of 
apprdiMtelJ 4' ••an- co dMt laortsoatal. loebat -..iopect 4111&1 VH4 • 
draft of t • tacU.Md plae tool • a 
fwttoa f tlte perdwc: U pb,elcal proputt•• ntl .... tal pr...-u ... 
&1Jd tlle tool veloeity. 
ltowe tn ltB (21) •U.pdy 90dlftecl loeJa•'• tl4lUtioa to f.Ml• 1:M 
adhMton ol eoU to •t&l• lie ttn'U&:tpt• the effect of e,..t • tM 
tlraft of ae t.nolin.M pl.Ae tillap tool and found dwlt .,.. of tM aotl 
or··'tffi ftl'l61.ee wn affuted wr, ..0 •1 tool wloctcy, ... ,t tlMa 
eoU ahear •tnmatll. l• •• ooacludlld dlat llC'lat of tile tacr• ... to .traft 
ruuhtq ,.,_ • tael'--4 tool 'NlecrltJ •• • nevlc of aa l•N•• ta 
Tlll•• aw.It• ta e put: will a.a,,. t l.,._. • 11 elMlar •a 
ftl"iale WH coeducte4 _.tl)' uadff 1.0orat01'7 COGdf.ClOAe. l1ae Aeu 
..,..tuu .... t• daue et\ldt .. tNft U . St• ta 11141 to tlMltr perUeulR 
lMlor•tnJ ..,..,..urnta. 
lefou tile 1-portaa.N of die l'•IUtaac:e f ltOil to lbee cea M 
etudted _._. ff.Atld eo.ttttou. a rapid -- of ....,, .. ta tile fle14 
tu net•t-=• of eotl to ....._ et ba dnelopetl. A 4..U• ...., f 
field 4etenal• 1-.,.. clnelop9Ct by,.,.._. fMmcaiM (21). 
A int.eat tillage -..rs-c ldpt ..... Sn .._i 500 ..._, .. 
•tnaatll .. t•NlaAtioM (10 .aill plot•• 4 M•plot•1 4 ete14 4.,tu. Md 
' 
3 detenlaattoaa pu t:reatmieot at •ach d•pth) ll"m ••b npl&oatloll of 
e • .,.rt.mat. ·ne m.Jllber of detHllSUttou ,. .. tl'Mtaellt at • ft•l• 
depth lfOUld 1te a fflllCtto• of ·me vwtMtlitJ of dMt. aott vtthta a U'Mt• 
-t. fhenlare, tbe euce mlllbu oC detl!tnilutlou wu14 laaw to N 
fleteNtad aperiMotal17. -. total tt.- NClUlred to pnfor. tb9 ·total 
of tli9 d•c..,.utl.ou ebot.lld \Mt u Rol't u .-utbl• •o dlet daer aot.l 
plaJ'•le&l pwoperCIN, partlcui...1, aotl •Utv.t• eollteat. do eot e1a-.. 
flat• eoa41tln ...,u .•• tbat ti. ..._,., Mt'°4 •IMNld IHt falrlJ abpl• 
(not COllllPllc:auct) _, to pe11fora. 
fte. •b.e• .,.,_atuHa .- la pnvloua labot'acor, •tv.d1• CCN14 not 
be ... 11y adapted lot ue f.o tlMI fteld.. DltGlllaattou could M _.. 
ratbw f•t at aoe field d•ptb •ift -. ltel4 .,,_._. d«Nlopecl "' 
,.,.._ad rcn.ntataa; boM¥u, ttw •died ta Mther tS.·---•na -.. 
Hteminatloa •• lllM• at .on· -.. OM lt.•1• depa. 
A ~otatioa•au..,r aoil ...,l•r a... 1Jee auo..-•1~111 u.., to o~talo 
W'idl•tur:Md toil ••la fol' bulk volWll wtpr. Md •ttcun contnt 
detent.natlou. the 1ot1 ._1 .. •• 3 i..._ IA dt.-.tu ud 3 lacdaa• 
·toua. thM• 4JOU • ..,1 .. or 1eor• ae ·~ b7 bollow, •1••••1 
oa-n ....... qU.nrl•n Vitia a tuida dtwt•I' ef 3 bcMI ud • IMlt.pc of 
) tcadtM. 'l'tM •-.1er ed •-.H.aa procedure vi11 be •t••••ed la_.. 
detail later ill tlMt te•t. 
!be undt•tut'Md 1011 a_,1•• ol>tala.d wicb die rotactaa-aupl' eoll 
..,1. ould M utd for eot oat, •S.•etare coatut _. INlk volu. 
•ltllt cl•taraluttou kt alao for toll •hut: •tr•aath cl•t•nd.utt.cma. 
ft• r••f.•t"80• of 10U to 11Maal" l• f.l.-oly •Jlp"9Nd a • aat.. 
10 
,...._,"* atnta wtdl dlalUicu of fOYc• peit untt •••· ltQC• the ••U 
••ao-• a cel't•lo. •tr&t.n or daforsM.tf.• kfon fat.Una f.n •hM~. 1-re 
ta a cerutn ~ of •wt11 iapfttd to 'tM 1otl to c-• tH llt.tu 
tut_. •• • MW ••f&d ••· it would .... thlt dl• •heutn1 ......, 
aho\JJA MM• l*Jslc•l ttplft4ac.e._ •• coaaia.n Cb• utlont of• 
·ttU.,_ S.,1-•t ~aa t!M -.11. 
u. 
Tith •tGllJ.,.. ... to fltl4 a •tllod u •lbod• ot ..._,.. I011 
dlae couW h uMd e *'-· 3•t.aO Wldl•tuk4 tot.I ._i.e olllta.lMcl tr. 
dltl TOt•tlnl~ aoU ...,ie ..t to ,...._ dMI fo110¥f.Q ot.Jectt.,..1 
l. lo COUU'llOI • ~ daat fl'OYl ........ o• lt.oWtnt ... 
fftl ...,1 ... a ..... of ............ *-· ., P. Mdlo4 Ot' .......... 
1. to oOllhet • ..,. .... , •l111 dtu .a.toe Md th .... 
•God 01' •tlwa ........ 
. 3.. to 0.011.- _, .,,.1-t• tu nnlt• ol t._ ...-tMnt • • 
. . ._ ...... , ... , ..... ltab ..a a...,.,., eo fa·u ... kau. 
A revi.a of U. •ratara wuade to cleteraiae wlcb '°U abe&I' •th 
or •th • would h •ult 1• to use o tla• l"xJ" orltnctrlcal IOU 
.... 1 ••• 
th•• are ttar• ptMal'&l tn .. of aoU u .. r teattaa tlaat . .._ l>H 
developed. ll ol'Vll u9t1UHll'llll pi-actto.e. TM•• ·en- taclud• • .,,..., 
cltffe~ent •tb •of etaeulna th• aotl. th• t-,,. pd •tbod Md cl•Pflllld• 
ti • tafonaatiou wanted fr• th• t .. t eod tillll r••tred to perfora the 
tea • A pMral d• rtptl.on of th• tne• ad •tlaocla of eoU RMI' te•t• 
l •• u follon. 
Trlald.al lhear !••t 
A Jliadrtcal IOU • ...,1. wtda • bet.pc ..,al to cvto• di• diaeteT 
ta encued tA • tl:Ltn HI'.-.. -.. ft• ,..,1. l• t ta 4"'leloa4"1 ta a 
call and auJectttd to • tlul pr .. avre. Tile • ..,i. la •UffOl'ted utall1 
by • l:>o coe ,1at• ad it f.1 loadff atal.17, tbroueh a r• acttna oa • top 
plat•, unUl faUure occur• (3, pp. 9, 33). 
TU vrt-.c1,.1 ..tvantap.1 of tile trl..U1 t .. t an the control of tb.e 
drataaae coacltt~ f i.. • ..,1. add a •treat dlatrt•uttoawttbla 
water• 
aaturate4 eotb ..... are of no tllpcrrtac• ta lbear&aa untaturated 
.,.rtoultural eotla. Ttltl 1tftOWft ati'ell dt1trt1"attoaa .., •• 4taturbed bf 
lrn .. larltf ... wit l tile 101.l (t • p. 12). 
lo the td.alal t .. t tlM pl.Arut of l•iltal'e b at -. mate of about 4S 
4•11' .. • to ~ hortaoat•l. Wor • 3•tncl-dt ... ter •llllPl• ta.. plaae of 
f aUure would ot...S ow~ abMt 3 ,..... of dae daptla of dMI ........ 
TU MUUnd ••d.q ....... uu. wold k - ....... of tlua ••U •heal"' 
rui•t .... OWi' • l-iaola•depth. la tbll CAM die IOU aburlaa 
t•tcac .. at ditf•r•nt deptba ... , l•hcla lner.-oca, c0tald aot a.. 
..,.red. Aleo. • •J111pl• 1 ... tb of 6 ,..._ 1NM1lcl M "'*ltlir:.C foT tlae 
-t.Deb.. i-t 1...,1 .. , U.fffor•, • •hMr tlet•ftltMtloa CCMald "°' be 
Jlld• ele>Hr to CM eurfec• tlaaa 3 or 4 ,...._. 
AfPR•W. u.O to perfora tu. trialal. t .. t u ratbu elalHwate, 
ad cout able t1- u C'4Mpd.l'M to pl'.,..• dM Nllpl• Md ,.rfona tlae 
t et. t1aa td.axfA1 ceet U DOt • ._ to 1"t autt•l• for obtai•"*I eotl 
•Mar lllMU....._t• S.n tM ff.•14. 
Tlae \miCooliMcl COllPl' .. •l• .. t 1• ,. .. , .... 11l ta• ..... , .. dae 
triaat 1 t••t •-*Pt vf.tla dM altMM• of the radul fore.. OA • ..,1 •. 
tber•fora, t i• t•t u .ca. • ...,i..'I' tMll the trtaxtal t .. t. TIMI a,para-
tua UMcl to perfota a. waoodt-4 COlllfl'••f.oa t .. t 1• -.ell tillpler vi.th 
tlae •••• of tlae P••••r• c•U fo1' applylraa tlut radial forcu, aod tH 
•MPl• pre uat!o ta me •i11Pl•r at-. tt cloa aot haw to k aqolo1ed 
l a r"1>ber ..Orua ( • p. 12). TM u oaf t.Md 00111pn••f.oo tut 
r ir• tlM •- N11Pl• •la• fall• in the._. .._.r u dae trial• 
al uat. Wttll rMpoet tO tllue two ebtn&1, it v• aot euttale for 
uklnl IMal' •tnQlth at.•l'lliaatlOU M Nf&Ulnd la tllu ltdJ. 
l4 
Tlaen _. MWral iftn•t •tll.od• ot t.nct •laea te•tha. lacla 
wUl be t1 duct ..,_.awl7. 
IDM!ft Wt 
The llNt ~nl7 4tnct •u tut ta tJaa boa .. t. lD 1• 
C.•t tM ... le i• Ml Mtwea tvo w.o... oa t1a4' top OM OA the 
bottoa. uc box taioi OSie• U • ..., •· A DHMl force tut ta 
applied to upper bo• Pl'oduo .. • 110nal atrea• oe tM plane of 
•.,_•ctoa twM4 tll• bo... the to box h .,,.. allel to tlae 
plaM ot aeparati • clM toll fall• in •bear t d\ta plau. 'ftae 
TM ~ .._ tut utUlaa • r•canaularl1 ..,... ••l•. ad ••t 
........ 11, tb4t ... 1. ta nelded froa oQer ao11 .... 1... ror tlaeM 
ruaou cu boa llaear te•t.., not •ital• tor tilt• etudf. 
Rhnt sr••enra Aw sus 
uota..r elf.net 1he.ar teat &:bat U. Mell ..S u tM 41nct tr--
.,., .. •heal- te•t, .-.u- c:.all.0 dae tlou1t1• •hw •t. A qltadl'tcal 
...,1. t• uaed in tilt• •t. Tia• ...,1. 1• coaf1....S oa it• c7lf.Mrtcal 
turtae t.7 tilt' .. ••.-• • 11ll'• PletoM tlae adl ol ti.. ... le are 
uMCI to 11 an aul to• oo da• ..,i.. Tilt• w•l load prodlac• 
ral •U .. •• th• plnu of Hp&rattoa "twea tM rl•I*• TM 
.WWl• rtoa i• ved ,.rpeadleulu to tile loaptudf.nal aw of die ...,i. 
wlltle ~ tiler two rln are •14 •tattonary. fta eoU faf.l• • cu 
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1MU of •..-•t • tlaa f rce l'e ind to uu fa11'1re i• 
aUed t • •beiu force. Tbe app.aratu uaed ta tlaS.. ~t t• •1-1•• _. 
tld.• •tlaod o W t.e eppltecl to tbe H11Pl• to be ue in dl11 ibid)'. 
Bo1rever, tM • nu oadttlou are Wl"f COlllf1icatecl .- proaruatw 
failure Wluac•• tlMt nault• to • P"Mt41r nten. than 1 _, odle 
••t (9, p. 9). Ttaenfon, tide tut df.d not.._ to • aood 
• • 
t911l.!91l HMr !ME 
Another tne of ~u.reot ...._ t .. t t. ti&• tK•toul ..._ t•t. t 
tilt• tHt, a c7U.Qllrtoal •-.1• f.• ta.lei Mtwe two c\lpa • oee owr ..a. 
nd. AD Dial lMid u cr .. f•rncl tla.rovp tu o1ape to pTOdua • wdfon 
nonal acnaea 11 tlae plane of ••PH•tioa MWMG die cnapa. Aa tocnutaa 
ul&l _..., 1• epp11 to aotl throuab .,. •U.1 tile MU felt. 
ta ...._. oe tlMt pl ... of •.,...•tl• .,. .... Chit ape. 'Ae .,._atu u..t 
1 till• tu' ii f&UlJ eillple. The •la dt1..._tqe of the tor1f.oaal 
• t .. t f.• t t tile ahearS.oa 1tna ... and 1tratm _. proporcloul to 
tlaa cU.atace fr• dMt • ier, betq ••~o at die c•t•I' aocl M'IS•• •t tile 
cyttadrlcal .Urface, Onleq\lel\tlJ Jr 11'9llt-.. fallur• ~ place 
dulq tlae te•t (9, p. 3). ..,.,.I', tll• autawt 9h•rtna nai•tano• o! 
the 1011 caa be exp~•• Mtnmttca1l1 u • l ttoo of the t01"9Mt• 
ual• of rotatl c&an* obt&f.Md tr• the tor1i a t .. t. Thi• f&n1etf. 
l• rather lfte>d.eu• to ft'&lua •. An .,,roxillatio to dale functtoa ca 
na1uat.S ualer. lo 
re lt• w17 cloe• to thoH 
the IWICU.on -.t 1t• appr U..d01l PV9 
talnM l.ty .•1 • M>ic .-- apparab&• (21). 
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ftct toret.oaal •Mar .. t ••••d to lte ...,.nclable ... ••U•f1 tlMt _... 
of tilt• •t.141. 
1'be .,... ...._ t•tlq •thod dG alao be cout4-red • cllnot .._ 
••t• •lllCe the Mtl t• o_... to fall oa • pndet...S. ... tNl'f••· 1M 
WM• ·••t ,,._r•Uy WIM ooutat- o fou t.a rectuavlar viap or 
bllid• w1411d topta..r to fora a ,,_tr1oal c"'-• Mctioa ....-u ... a 
p.Wl• -..1. tit.• l•oatll of die ... l• aonaU7 .-Ut tvtc• a. .ti-· 
ter of tt• ow •• aaettoa. y.., t .. t• -. 0-.17 perfo,,_. "la ettu. • 
it.. ...... ii luertM lat tile IOU _. aa f.aonul .. _..., u appU.ad 
to tM .,... \inli1 tbe 9011 fall• 1n AMI' OR • c1ltadr1cal lhll'f•• •rJ 
17 ..,.1 to dle wrface ot revol-.clon of dMI ,,... 8out f.ta au (l. 
p. 1). 'Dae wae •tlaod llM bee uecl ic • ...._ of atu4lf.•• la civil 
..,. . tea work. Go04 81ftt•at llM Nea fOUQCI IMitweu tia. r._ltt Ina 
tla4a .-. caeu ad otl••H' t•i• ••" u ta. vacoaf1Md 40llp.,..lloa tut 
u4 tba td.otal .. t. TIMtH ._ tuu ver• ,.rf--' •t depcu o1 fn. 
10 f•t to 100 f .. t k1ow dM toll 1u1"feee _.for dM pul'fOH of 01ttaia-
t1a1 •talU.tJ aalJM• fra potuttal laad•ltd• ...... ~ eoll• b 
t1'U• t•te van •itm nurl1 or •0111Plet•l1 Nturac• _. laad kt.Ill olay 
00 t•t•. ftn• ...... •Yi••• tl\at ti&• .... t .. t ...... •t.o " ... 
........ rvu,. t •oti. c.loMlJ r...eu.q aartczalt.ar:al eoue•; .......... 
a.ri. tem apicultu~•l nil•' "111 a.a ueed fol' r•f•nlaa to tU 
op la,_r of eotl taat '' COllllOftlJ tilled for tla• ~· of r•1-1 
aari•ultural Ol'OIMf • 
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aut I' 414 a.ave • f tel t ..,.rt.ntal ata t Mppor a.q 
ltl,,. conclulou (13)11 
TH ftM tdt ca t.e Pftfor.d oo eoil H111Pl .. M wll u .. , ateu,n 
... t:M appa•tua la CM YeM tut t• •lllpl•. fte ,,_ t•t .,.. 
-ttui. for •ina tn tilt• •tudJ. 
~ I the ..-leu• •tboM of ....utq tll• ...... u, 
•••l•t • of. 11• tluat a. oomiolllJ -.d la practtle• todaJ, ·cM t«lt.oa 
t•t tk• v t•t ••...S t Mat .. u.f7 che ~t"9Dt• of till• . ,. 
lo · ot ta.. t•t• -.as.re wr7 lltele 1..,1. pnperactoo, th 
tOl"•io• tMi ..... liu tbat _,. k fltt...S over U. .... of Ge N11Ple 
as la• ._ teat .,-...,.,._ oa17 ~ tunttoo of ti.. ..... lotll NflUUe 
a .,... to .aa ... dMt #Oils tbent••• die ... 4rlw .,,..w. ould M 
..... for t»oth C.ta. A •I.rifle dl'lW .,,_.tu ._..ld H ncauti-• to 
pvloa tlaM4t t.au •W. it hat •r•17 rauait • ~ to tu 
.._1"1 QP8 ..... 1'ba UM "411uind to paJ'f *" a .... t•t U al 
re1Jatiw11 abort for botla dlMe ·tnta. 
lotll tlut tor•toa ..S •- c•ca wre 1• dd.. •t11417 for ta.. 
tollowtsaa naeonat 
t.. ,.._.. atpt k 1-• Mllpl• dotur~• •aoelat-4 wf.tla da• 
to"ton e.tc dlaa daa ._. t•t. ~ wuld k ..,.. clla~ 
ano• of dut tof.1 b)' tlae ,..... v1ap • tlaa .,._ vu l..rt ... 
ftitt dieturlNIDc• •• pn•am·d to 1.ll tile fon of ... 11 aab 
fol'MCI r•U.•117 fro.a ode of tlla,,... viap. 
2. In tlM tor•loa teat tbe •-.1• Pan oa a .._.. _... pl .... 
• c'llndl't.c.al tha.- al't•• MM'lf -..i to ti. fft'fac• of 
r6'V'01uti<m of' tM,,... ._t St• lo•tlbadtul at• ti .. ...., 
tn d&e .. tat. lowewr, lt u • po••Dilt.tr tlat la 
apteutru•l •t.1• ti. #but' nrtMa ·M&l' tha end• of die ..... 
•1 M «=OllPlic•* _. hard to ft'Aluata. the ..,. .. .._ul 
naulu .., ,._..t a ...,. ..,. olhn ._ c7tladrtc.i. 
s. n.. .o)'U . Sri.c•l •otl •_,l•• .... ,._. U... ,_11 ~trc.md••• 
tlal fh._.. dUSed •1 the 1.,1.. !'- f.._ur .. •• tn tu 
plw of-.. of dMt t••to• -.c • ...,.,..,, -... fuane 
•• ,..,..i1-c;.1d• to dl• ..-ia.o• of ..._ of 6e ,,.. ..s 
p~1, VMlld -· •ff•c. ... ,ft, •tnaatll •1- ·~nd.Dld 
wltll tM ... t•••· 
,,. "'°.,.....,,,. •• fat.tun -.•.¥'• in tlae cw•lml tqc, It hit 
....... -..rS-.t•llf nat PTOPN•I• l•U•ll'ff ·-· 001 
OO.Oft' l.n tbe ,,._ hat ln tile cu• ef MUlf htuatact c:1•7il -" 
dllCl (5); thtlnfon. • ..,.... ••t •• qricvltvral toll• 
vttllatt propa••• failun ... rd.DI.• 
h'Mral pt.u• of -ot,.at -... u..S '• dlt.• ttu4y. 1tae ltue of 
che ••~tn1 clft'ice aad tlMa ••_..t., tool•• tM __. .., cu tor•l• 
•lMtal-tq cut•• wr• •ou,noc..s to• u• ta daU ablfSy. ~ •~t 
•• tAtt aot coutnotM t..IM4ed tll4l ••t111 bUd :ol tile . ._11'1 
4ntce, wecorcli'*I ..,,,...,. a ot1 .._l••• ad • eleotrlo ,_. •PPlJ. 
tu •••l• 4"1.o• .... ,.c.a of f.wo •Jor p•ca• • .......... ._. 
.a • bue. ft• MM P'"Ued- • __. of boldiaa iM nt.l • .., .... for 
pnpe•tlon ... ~ ........... . ... '""'-' • -· of anlJlq 
.... 1 lffd.a, .... , .. CM ._.:1.l ... 1 .............. Ille .,,u. .. tOl.1l\&• 
.. aale of l'Otatf.oo. Ille baM VM COUtNCC-.1 CO Ntbf, tM ..... of 
dlt• •IUClJ. !Ile ........ llM4 vu ·VMd bf a.. (22) Mid WM IMt&ptM tor 
•• ta tht• •tudr. totll put• wt.11 he .... ,, .. ta 4.utt. 
fte t.u. pUc:• •t&GlrA to fltu• I .,.. os.- of tM CtllPOOitllU of th• 
bu•. tt wu .... faroa • lf'a12"a1./t*' •t•1 pl.au. AU of cu •da•r 
eMlfOllHU of dMt Ital• ..,. •ttedl.S to tld• kM pl•"• 
A 4'-1..U•.tC.wt.r 1>1 S/4•Udl•dll•k pl.t• pl•t• ... atuoblMI 111 the 
at.dell• of the '°ltoll fM• •f tbtt hh pl•e• 1>1 cap .. ....,. (fl,_. 3) .. A 
l•lacb•dS-tv hot• vu Hl'*1 thn\lp tU alcldl• of '9tb pl•U•·• Al• 
tncb dU.t•l' \Jy lt,•i1'0ll•lo• •••• buatq w• pr ... *4 taco tu 
\.. 
l•ineb-dl ... t•• kol• utC.1 dle end• oi tM im'IOU bu•lllD& wn tlua vldl 
tb• top ftM• of the bue plat• ud t.H bottom !aoe of tta. ptde plat•. 




••rwd to plde tM •k putlCh for puacllta.a tu 1/r' •1-t.•r hole io 
the aoU •a111Pl•• (fl n 4). 
A 6"Jl6«xt/2'' •t•l bottoll bolcU.q pl.at• vu attMbed f.n tlM 1114141• 
of • top face of ~ ... pl• • •1 cap 10 .. ..,. (Pipn .S). A. llol• 
3-1/4" tu •U. .. ter vu vt tbroup tile tdddl• of ell• bott011 ldtaa plate 
coaceotd.o vt.tb th• 1/2" cork•pw1eb pld• ol• •o dt.at the alum. . 
c1ll • • t~at • ....._ the toll ...,l•• would fit iaatd• dae bole ... 
rut oa dae ... plat• (t'taur• •>. A tb1 eprlaa •t••1 •t'l'ap vu plac.ed 
.roulld t•• alumiaua c7l1JMl•r• &ad tiakt•aed 1 aa o~r·ceater ••vice. la 
tbf.• MOMr • aotl a_,le al1ld tile cyU.Mer eurroudtaa it Wre ulcl ta 
a f txtld attto • 
f our 'J/8" 41-t•r i.1 10-3/4" 1oq .,lei• rOd• wn ,.. .. aecl tato 
lea located in eaala of • four COTM~• of tb• l>ottOll llo1411.Aa pl.a • 
(Ptpn 5 o 6). fte dt.aaoul ceot•r·to-cnter dl•tuo• MCVMQ tlMM 
pat.cl• roda ,, .. 7·1/16". 
A 6"d 1111l/ cop holdiq plate with four ronu 9"alblnp l•l/4" loas 
located ta die oorMr• to promot• .... of •U taa wu coutnacted ao daat 
it · lei k aU.d p aad 409ll oa tla• autd• •od• (l'tpn 7). A l•l/4" 
41 ... t•r t.y 1/8° d .. p neua "u cut tu ell• .WWl• of tt.• bottoa fac• of 
tlua op boldtna pla • (Plpr• ). ftt• ncu• vu cue oou•trtc vtd& 
• 3-1/4'' dU.t•r bole ia the kttom laoldl a tl•t• ao that it fitted 
ovier tlae top of tlMa aluala.ua • ..,1. •1llod••• vhea tile to-p laoldtaa plat• 
vu aU. own. 





flp.-. a. a.eu 111 cop holdiq pat• 
28 
lV* tlltck •C••l •late. A 14•• ouc•tde 4f. . ttt 1>J 1° tuU. «11-t•r br 
3'0 loa; !\oltov •t•l 071ln44lt WM pn•A4 taco ttie 1•" df. ... t•t" bol• f..a 
c7U.a.-t¢•1 •tMl plat• u wt tile ltottom of tu cyUM•I" v.u fldlt vltb 
the ~Wit l•• ot tu plat•. • lff 4t.-en 11, 1•3/t" toq ktl\f.a& vu 
fl'••••d l11t:o tile laoll• 07Uad•• •o that th top ud of ·ti. buelttaa •• 
fluh vitb tu top Rd of ~· •c•l c7U.ncla1. S'b.1• left• 1" 41-taz: •1 
1·1/lr• dop bole kt.we•• • bottoa ot da• k•lllaa -4 lioctoa 1.- ot 
07Uodrieal •teal pl.as• or th cop lac• of tlut cop boWiq pl.au. fti• 
hole aloD& vf.tb the alot• to tlM tot laolcu.-. plat.a .-ratct41d l'etl"actlaa 
tile vaaea (Jipn 10) for•••• of plu.._c .of di• •oil 1..,1.. A l/t' 
dU.cer p14• llol• •• 4d.1W dmNp tU b.l'o_. 1atllll1q la ell• t• 
guide au•11 and coacutc.ic Wida, the pid• kole la bottoa llol41q plate. 
a vaa• ahdt or die top tor•f.on cup 41'S.ft lbaft: utadad. up th:rousll till• 
top pt.de bole, ·ad l.a tbi• ... r lt M&M u a Harlq aa4 11.et.4 a .... 
ow ti\• ·top tn•l• CllJ' f.• po1f.tl.• f.n ,...,_.tlcm for aoct Clari• .tile 
•b•u teat. 
De m•f.a& li•M i• •bowft i• 11.IUI'• U. 11 u • to1qwa appUcatt.oa 
ad ""*'"' <Into• ad alao pnw,••• • ._. of a,plylaa Mral •tn• ... 
to the 1heu .-f.aa iu dl• ••• oi • toreton tut. 'Jbe co...- it applitld 
cta._p Vora pa ••t• ft• wrm ..- ca k oprated by •- of • haa.d 
orek n l& c• a eoanect..S to • •toc1.ud drtvtt. l tJM UM of tll• 
•tortced drl•• • J• ctuteb 1• potittoaed ahead of th•..,,,. geaw. the 
J• clvtch U aaaaed bJ ._. CQd tt auc.aatlo•llp dt•.....-• •l•r 4lbouc 
270 4•P'•U of totat.toa of dMJ ''°" .._.. tM •PB IMt' u comaei.t co 
• 1° 41 .. tu by 14tt lona pipe. 4 f /16° dt.1Mtt1r to.rfl• l'od flt• fne1J 




wt • tlae ,,,. and e11t.-a out of ~th ..S• of i • n. ~ la 
trauaitt-4 to tM tbl'ouall • ptn plee4tcl tllroq,ll tlae roil perpe•U.cula 
t lta &sls. · 1• la fit• lnto l 1ttvdlaal elo" aUl to t.M pipe; 
ue t e • ~~ verticall7. oll•r• "'~• fUt 
to ld.raialae triotioa. Ao U.apt• vu fltted ..u iM kttoa ea& of tlla 
c rod. nte iiMtapter fitted la t .. 4riw .. of • l/2' Meket. 
t aooket t t n tltt• o t ead• of 1/4" cap ecr..,. loC• e4 
t • eU. f t ~iq tool ehafta. la ~1* .._.. tOl'flM WM 
tr-...ittad troia tbe r wa I' to •t.Ul'f.q c.0011. 
to ••p«rate tile toil 1b.earf.lla ltt•Q&tll ar._t•r• wlaea utq tll• 
t r•lo teat, a •• i4ta of iff•r•ot 00111&1 atr••••• o ti.. fail r• laae 
vu ""'°'*· for dd• pui-po••· artoua aoial lOlld• Wlr• placed o a 
p attacl\ad to top of • to~ ro4. 
a ••rt.Aa h• WM cotUMCted to a 12 'al~'al/2" ac .. 1 • y 
.._. of adj¥ttab1• • pport1. the .SJvatabl• • fPOl'tl rovt.cted a __. 
t alt t•a U. ha o~u• rod v1t t tool ahaf tt. • to 
plat• ... COaMCtecl to tile MM plat• bf four aaale lroa l•p (fl r• 
1 ) • The vhote • auf. nl • vu •upported 1 a 4• . ba1e. 1• 
paraltted tile tnaert1o of th• o k pu froa •low • bae• late. 
a. .... 
ro r ... r. oattruct for tkt• •tudJ <•t 13). Tba tvo 
in e td. le ver t ol>tata 
•tvcl1. y •r• tbe 1•• tf.al 
van. were u ln tome p •1 MrJ t .. t• 
3• Tba other two 






later IMIOtlo • 
Vi •• outtucted 1a dMt followi I' .,...trf.c•l alote • 
l/l2 t•• 3/lr aep. wer• aUl• 1oaa1t 4iuU1 t.a • 1/ a7\' rouDll 
•t 1 •haft. A l"JCll/ 2"x1/3 ;, pteo• f ''' at .. 1 • f.uarted tlito 
• 
WU re it'..S. • bott ed • f da• Yau v1 p "" 1Mand t fna 
•ba t. laui r ttoa ed&U of tlMt 
•ane rin&' arp o ~t .... of 1 ei-t.l • Tlle • of •• 
v • • t o 11w • ft4 it the wt.Gp u 4 tUM M4 ,.. for a 
1/4° .r. c •crew. Slaearl a tO't'qu vae tr ·t•rHct frM tb.e •MarlAI 
vue abft l• larpd pie of v1 
l• ah la rtpr• 14. 
v3 •• 1• •- .,., u Y1 ._.,t 3 sll/Jr'at/32' 
plArc•• ot. • dAI •t•l wre •ed. to tbe die tto. ..... 
f tbe wtn_p wet'• lush wttb tile '°t oa I di• v. 
t tvl'• of Y3 l• • la fl 15. 
• tortto 
t t. TM bo t1111 cup fitted into tbe 3• t/4" 41-t.•r llole ' the httOll 
ldlq plate. 'lt vu olll!llpM ad bel ta da• .... vay • taa. •1'•taua 
• to cu fitted into 
tt vu rotat to 9heu the •oil. 
fte cu vet'• coutna ted fr011 two baaic pvta, a.a • pl te aD4 a 
bollov cyU.ndu (1'1 e 17). teel t lq v 
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flpnt. 16. lor1ton ...._t• cupa.. lotu. ovp " IM •t•t tad 
top cup on dae 1-f t 




J11Gd4tra. ou.tel di ... ter of • cyll •s• waa 3•1/4tt• • tnatd• 
t.matn.., 2~s /64" , aac1 thq •n ·7/1 t • ettc 111 tit.• 
•oU • ..,1 .. wre 2.915 lulau la dlaaltn. TM CMatel vall of ~ 
Jliudeff vu up..-.. taper ••tnchMI Nck 3/1" froa c.:u opeo • 
of tll• ayl er. Thi• t.,.w ndUCUMt the all thlokad• at dw opea eM 
to .1/16" dler•"7 udd tile poutbl• hlcttoa •• bebNA the two 
"' u., •• 
T1te •ad lat•• wre Mel• froa l• 1/4 • c1i..tt•I' l>:r 1/4•• tlalck pt.ec•• 
of eu.l. Ila r .. 1•1 IJ'OO.U• 1/37' vl4• bJ 1/8" a..,, vu• atlled 
.,_.ulca1l1 l• oae face of tM two eo4 pla ... 1• l/4"-d/16 'al/32' 
., .. 1., •tMl i.1.i .. w" pi..& l• Moll of dMa allled IJ'OO'M• (rt.-e 17). 
!Ma• bl.._ wn poet.t._.. '° tut tlley "" aptut o.. t U• i ta. 
071W.r wba tlMt ...S plat. _. ,., oa. 'Dae 1a4 edpe WI'• ·~ 
to pnaf.t .... of taeu loo. Tile 1.S.. Hr\titd to tc .. f•I' tof91e fna 
ta. cup to t1MJ Mll .... 1.. '!'he a.I platea wre l•teald to Qe CJlf.ad•'°a 
~two cupa were tbe .._ ••••t tlMa tile top ovp be4 a diri• .Wt 
..S cu bottoa cup dld eot. th _. pl•t• of. ti.. t p c:up vu rilled 
and t.,,.. la t.u cumtu for • 1/'r 1 .. r. ~re.ad. A 1/-Z' d.._t•r b)' 5" 
loq •t•l ellaft daruded oo om ftlCI v• Nnved f.ato the plate Md f tDCI 
of tla• Jda&ft •• drUlecl 
tapped fo~ a 1/4" W.P. up •env.. Toque vu applted to the top evp 
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POINTS ·- ~ 
46 
llectrall , ... . 'l'l'aotor ....,.•tor 4t:lftll ~ • ltoo•t.A ..,..1 M 
IMOU ... eqiM _. ...... tM elMtl't.G ,.._ ...,17. U. total ,_.l' 
r-aat._.t of t1- Ina 1-t.._..ta a4 die da-111 oa tM .oll ._,_. 
•• .._t 2 •· ta.. .-ac• ..,..tty of tlMt .-~•toY •• 12.S •· tM 
wll load i9'N'Md oa dae ...-•tol' p....W.. anll•t .,... t'••latloo 































































































































































































































































































































































































,,.,. 4tff..,.eat _..,.. ..... .,.,.. ...., l• • ·~ at ~ (13). 
'fM ...,, ... ot 11rVOlattoa, •n.4 to .. da.a ...._ ........ of dle 
diff_..C ....... W¥• 411litld1'lcaJ.; ~l ..... f.OAJ.• Cflitidl'leal td.da 
..,. lleat.•pberS..l tlDd, eil o'lf.Mctcal Vida .- eoetoal ••· IMb of 
a. ftw ..... •• 4•l•n la.to -. aot.l oa tlMI •• of • ow•k• Md • 
•IMau t•C WM ..... Afte1J' · t.M tut •• oo-.p1•te4, the ._. •• at 
.,., to puat.t • .,__.l tupeotioo of '1l4t f.ilun •rt••· a. •-
vu ,.....,.. ,,.. • aou, ....... , •• of .. 'fallun ...., ..... 
.....,..... i. att •UU ca. ....._.. -.fao• •f l•llva ... _,, eio.. to 
tba IUl'f-. of rawlvtsoa of * ..... tM .-.tlll •tNaltll of tha •H 
,,. ••14ul••.S ........ ellat U. faUur• l\\trfao• •• ..-1 to tH 
1.a•fae of .,.,,.luttoa of a. .... ta &U .... tlaa 4Slfft••• lo tM 
........ ltNqtba WM -11. 11 .,,.... cut dM -U .,,,_... .. 
f.a autlal .uaa* ••l• ooe .. atutkt.S eocau., to .-. ..,. 
.,_.,.. tMr. •• ..... ....._.sty la ttw •ll •n tt. ... ,... 
t .. ,... "' •• qnolodd me • 071l"4•l•l va. _. ~i, •c 
.__.. 1t Ml tt. i..r ... t --.. .,.. fo• l• etAtt. 
ru a..4Uh O.Ot•lud.e•l lutt.ac• ($, Jh JS) ooad•tad • ._, .. •f 
tau tea atcll tltffe Mt.••·•"-•• '°•tf.M (l.25. 1.50 • .a 3.71) of 
a c11taa.t.c.•1 ,,_. WP u-4. lt va COMludM *' a. tot.a.._. of 
U.,,... dlaMf.ollf. 4lcl •* .,,,.,...,, dfMC di.• nn1i.. AU. ol U&• 
.,_. uet tn the tet~ ...,. ..... lt• whlcb Wl'tJ la O\oU ape1•ttt. 
at.en wr• oo .,ec.tflc ai.ucu ... fw th* fQYIOH of ••tOlbld.• th• 
optt.aa. •MPl• cllMetU' to WM 4'--t•r s•cut. ...._.r • lst • •twt1 





















































































































































































































































































































































































































































































AllO• yU. 1ca1 f l\lpt • 
f nwl ti f tM -- (5, • 11·2'). 
ttn tbat S.. _,. 
lhM.i't a ruilttaao• or tlut aburi • nt• 
trtbutad OMr dae :rface of ,.._, lncWt.q 
U8 by leftt'al UW..tiptor• (5. p. 51; U, p. ; l). · la Mf''llP• 
lo boldt fol' 
cue in .,.t f tti.• atudfAa. Hfft ._.scultunl aof.la ubU.1 
an1reclabl• .t.Ateraal friction. lt 1• ... u, •hon wt tbe •UpU.f1f.aa 
... .,.tiotl tluat tlw •uni.ca •t~•• t.• QG!foraly iiatrtbute4 owia · cu 
fallen arfac• ~ not bold fo •t.1- vttla app~tabk S.ntena1 fru• 
..... • upr.-.4 u a faetloa of 
f l ~Y/2 !a 4 .. 1 L+jrJ + 4Lr2c Lt ·,.. . ·; ' • 
• total ... l' 
C • cOhettoa of • ao11 





4 • f f.: tenal frf.ctJ. of e toll 
,,. • 3.141 .. • • • • • • • 
c t. ~ fr] . ..... '°1l ot ta.. .. u 
'• 4 2 c [·'F~2 ::/·'. ,J • ... tothlf.t 
.aou. t aoil \-f.q •t ,..t•r• 
• al ulatect. If • • i1 •1-ut•a • r atb 
•toll 
vanea. 
ii' dilf . ... 
1. Tb. ,., tl 1l ti 




J . l'Ulur• 
C • n, __ .. ... ' - ... In' 
be ctuatal 
u • et.ultaoeou1t7 o all. tbaar evrf .... 




eoll a• Md 
(1) 





• !.!L ~ .... ,. 
r 
1. 'i. i -' 'a • 'i. + 2f 2 
2, 
S3 
lr t ~ t .all 




• • ..::~ • 
. " be . ... t Al! .., ttoa 1• the lw f • 
•ttl •f.thft 1 rT ...-1 "'' putt 
..,,,.,, .. ,. --
It ............ t dwt pncedt.aa •tlao4it of .,_luatl.aa 
/, wa 1J pd fctr a CJlf.add.UllJ 
• wul Mw& 
• 
trtala.. tt • _.. bf 110lclel'l a to tbu 4 plM• ot '" • 1/1" • 














































































































































































































































































































































































































































































































































































































































































































there QI Wf7 llttl.• COlrf~•utoa o1 the Mll arOUIMI tll• ,..,. _. lt 
•• n:tat1w11 ... , to , .. rt. lftdl _."1&Utlllt •-.le• tu; ~ .,.. 
1.,.n.d r•latlw11 ••111 bJ llaocl. 'lb•n •• no .-pt-... ton of the 
• ..,1. IJUI te .,,._., that the puDclled bol• vou14 l:te a .... of nlln• 
lq th.• •oU c_,....•toa at cU eater of tile.,.,.. 
4 dlf teTftt ,,.,. ot .-. vu coutNCtM for .... ln ooejuaot:ton 
Witll die puached llol•. au ,,_. h "- l• ff.pre IO _. i• . •lltd • 
pwct.a1 vae '-catlle 1u WI.op 4o oot ••t•ild to ti.. cuter of rota.ti.or.a. 
Tbc partf.A1 . ..,.. coaMtl•te4 of four 1u x 1/r• • 1/JI" ·lll•t •tat wt.ap 
eoanectta4 to• llr' cH.-.tu by S" 10111 ac .. 1 •ll•lt. Tb•-. theft 
fl.ct• frM17 in th• pu.ohd bot•. th• t.adf.q dP• of tt&e vaaa wtap 
•T• •"•,.'*' to . peNit .... of f. . tf.oo.. ft4I puttal vae. ooat..S 
vltb ou .• wu .-111 Uai•rted tato tlM loll 1..,1 ... , lumtl. Afcer '' 
vat latetted• tba _. •• ~oc&ttd 1tJ ,ruplq tP ataaft vi.ch• lt••• 
anid t;wUtf.na. t"be 101llltucllM1 ·~-lo• of •nu. u ti\• t•tt•l 
,,,.. ,,.. C.ftM¥'te4, •• corattd•••lr l•• tkarl IA tlut c ... ol ru full 
... IQ tht• rupMt, a. petial .._ va coul4•1'M • too4 '-Pnw• 
MB¢ ..... tM fvU .... 
The c-.n••ioa or tll• •11 • ..,1. tu etw «'A4ia1 df."4tl Na l••• 
lb.a wha tta. tuU v-. v• .n4. la • eqt of the P•tltl ._, tb• 
• ..,1. coutd M tltd · t of tM •l•ll'IWI c1lttldn ,aft•1' tlle toll had kn . ·---
.Uuw ti. all had 'bMa •M•ed• ct. 10U .,.. r.......S fr• on tot of 
tlM v-.. wlnp. fr• an 18'pecttloa ot ·th9 totl wda•• t..Wffll th• -.. 




cu of ti. artt•l .,._ ua-4 la tbe r•Ual• 
tf.•1 .,..... •n coutiucted for uu la dd• •tv47. • 
crt t h• of l\4tU1PMllt• re tla• 1" 3 
.Utl•l ..,.., 1 '3· 
Tlae ayU. rlcal l'feo• of nvoluttoa of Y1 wu 1 • in dta.ter _. 
1 1· I• Jt W.U t.ound.t O aada b7 pl wre 1'0lll1'ChNI 
utald• bJ t» dt ... t•I' trcl • _, oa th t lde t.1 t/r• c11 ... t.u 
ctrcl••· tla4 total nrface ol nwtutl •• Ml\llMllll t the surface 
f .uu. Tile tudt edp• of d\e v-.. winp .,_. l" froa dae t.ott• of 
t • •haft. 
' . tbe le •• punelle.d " tlaat tlMt bott tba c•t•l' of the hllpl• f •haft colad.dR vtt 
ott• f th• Qll()l«, tile total lbdr itut:fac:• u located aroud tM 
.....-crtd center of tlae a-.ple. 
at • the wtnp of f 2 extended tllroup the ._1., ere vu 
a oo t • ena of v,. 'Ille q1ladrica1 Wl'fao of h'YOlvtt or 
UIUmed Rear •urt • ., .. t• t 41-t•~ ... .3" loq. 
tb.e use ot one vana wt.ell •bear on dMl •ad •urfacM and ODe wttlaout 
alaea 0 dae amt Rl'f&• .... it po•af.b!A to ••tl•t• eft1 COllPUC:&t 
end affect• u•oelated wit •ad aheaw e>thW thM wbat v• •IWllld. 
!lade abeulq. pl._. vere •euzud ~o cotactde lth the plDM f 
rotati of vlq ••• and it v• u--4 tu on11 cola•l.- fore .. Muel 
l" vau. •t• aad one•th.trd the to..,.. re..-tred to l'Ot•t• tile J ..... 
1/3 V3, wM a•ua1d t k th• tor..- re ired co •bear th• eoU on tH 
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• of t t •• ld ll.- • 
4itfe t tor 
lt vu r••lU t tor r-.vt.red to ehMr tile ~U vttla 93 .,.14 
h to dta different •hea-rb& •tr• th• ell~ 3~ 4-ptla of tile aoll 
• 1•. while torque re tr .. to a.... the aoU vitll 91 wwlfl ta. 4'ae 
o a11 Jae differ t thurlna 1tn t tn t.M 111"41• 1" af th• ....,1 •• 
lt ,,.. .,,umed tba th akuriq •truatu did t vary noup throu 
t • 3" depth co reci&bly affect the compe f.90 betvM tbe two ..... 
fti• •N11Ptl uld not bold for non• ....-..• •U•. 
letillac.. f C tan 4 "ilDI ,, ... two v*18• ve. po••lbla • 
. atloo l t be llOcU.fl•cl. .,... .. vnu •lao aatl1fie4 h• 
dutp Ollditlou t Mil • le dt-t•r to •eae dl ... t•r rats.o, vau 
l«o&tb co llei t ratio., • .. t 
pl'e"#lou• t.aw•U. •· 
(22) re • tlJ vied tJae tor•1o . teac. ft• de.la duat IOlfe UMd 
1• allow in ip'ta 21 ad••_.. for ·_.. lta unjuncttoa vttla cH lebo• 
ra ot")' •oU tu. the dwtce va ope'tated in the tollo"1a1 way. 
o n cyt er .,.. nted o t • ea.cl of th• verttcal drtM aladt ntent.t-
tns downwucl. !ht• •Mal' 1ttndeY •• pu.W dovn into tile •of.1. ttae 
aoU •r the eat•l• f tlae cyUIMl•l' .,.. r• Md to • deptla of ..._t 
1/, below the .. of • cylinder. fth l•f t • •laol't oolum oe 
1011 1-low the .lhear 0111 er. An t. r ... t.ng tor.- v• .,,tied t • 
rtve 1haft d.1 ha eotl col failed in •bear. 
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._.,,_...,. fteW trl.'1• wt 11 cl•vlc• l 
l rator1 tt wae dlffl lt o ut1• 1• tbe ft•l • It 
vaa lllpo••1~1e to hA'l" * f 1•1d t U •1 • 
cu ld •tion .. at •r 
to dUtur • 11. ....,.,.... MU froa . 
~ tbe • .. r 1lt r .. alao ti.. eo na. To ~ 
ct tff• t ft.el 41 u r t:r tut'°"' of t • il 
ti.. o pel'ld.t l •tto of t • • .ar eY1 • &:Dd t •rtt ot . .. 
c1U •r. t.• It• .... all t1• OU It 
t vt... f tfflc lttea, 1 waa tluat • ~ •ff 1• 
to r.e t • • t t1 eel ,.,1 ... 
toU .-.1er, vlllo hu alrudy M4l • ce11 1· 
11. •att•fie t aupU "'utnm • f t 1a me • 
Ill bi• It ,. c • "" ltttecl Oftl' both ..... of tbe ,....,, eoU 
• ..,1... .,..,... kttolled ~ ...,1 ••• .,. ·- 1/8" 
e eupa. OM qp vu beld fl-4 wile e locT••lna 
tor e • 1011 ..,1•• faUIMt o 
•• ,..uo !be. 
l re •tall • l•te~ •• ttoa. 
fte • e&rlll& ral•t • of the •oU c• be up~•••• 
uth ... t1e•11J .. a of the 1011 ...,1. l'adtu• w to ., .... 





.... I • thilawf.•I •tnt•, 
l • -.ll ...,le Tadt~•~ 
•• 
It • .,,u..i tvtat&q ,_... •• , 
8 • .aate ol l'Ot«tloa, and 
dJJ/dl • •lope of th ~ • .... flf l'OtlJClOll O\l.W. 
,._ .... Cl.01' 110 l.t e• be ._.... iut tlae , ... bl •CMH l'Mlb .. a 
.. ,.. befoM eke ... ._. to.._ i. ~•-'· ''"' tbl• ...._, t.c l• 
••dMr leltol'iou to c•lfti.t• ,. -•..- ..,, .. etNa•.. Aa •l'OICl• 
wt• ... ..._ .._,., ttns• c.an k oatco1•t.S • foU.onr 
(IU) 
!bt• DPl"•HloD u -.atval.at to MNtiaa daat thtJ _....._ ..._,., 
•tw .. t cotnotd• with ta. ...... wai .. la odlft wri•, a utlon 
•hM•l-. ltftQ h u-...t to oc«=• OWi" t'- _., ... .WfMe of faU.-.n .. 
ta.. . .._ ..._i., •tr•• • valnlatM 1-. _..tlola IU bal .,._ 
'1aon to b4t cloa to th wlu calcuUt..S '"" 8'Utl.oo SlO (11) • 





















































































































































































































































































































































































































































































































































































































































• Tld.e ~ OM blM 
of e-.1... two Wl'• •ld. peel • f)lock of ..,1 .. .,.. t&ta fl'Oll 
tlae nnt "of row. TM naatatq ltlooka of ••19• were UMo 
f.- dMt twe- palr• of row prm..111 ...... d at • dllltao• tta. 
t'GW f'f tbe flr•t. ks ...-1 to daa wldtll f .four r .... 
'l'br l'andoehed t> b of aapla• wn ~lated ta ttet D--l. At 
t ta time olcl wutbe • • l aalll • l•Jft of fl'09t fonacl l tlae •ll• 
11&ld.q furth• ..,11 illpoaaible. !M ttloe of Nllf l• .,_trl• 
ca111 •paced in a •41UQ conftaul'Ctioai tlMa dtauac. ltetnu taloou -. 
30 f•t. Plat powdl •• cl....S •AJ fOI' .0 le ao tlaat 1t clU *' 
tWlt*rfare vtdl dM •oil • ..,1 • .,.. TIMI fin .... l• •t•Ud 3" .,.1 tM 
t\ael HU e.faa•. 
ft• ... U.q lay t• &r• alMMl ta UP.- • 
A rotattag.•pr IOU • ...,1.11 ...... to atn tit IOil ...,1 .. 
(Pl re 22). a the 4•b'ad depdl •• .attat.Md, tba HU ...,l•r VM 
.... , .. froa th9 bo1• Ud ti.. mu tube aoacatot.aa a. eoll col.- •• 
r..,.ed f1'0ll laa ... 1.. n. nta~ rl ... a fff.1 oolu.n wn 1U.d 
out of the •oil tuM t•to a •ballow troup. 'Illa tM eot.1 o 1-- •• 
Mtwen the •tl n~i.Da' 1'tnaa t.nt• the 3 • ..,1. lnadaa (r...,re 
23). Alt•I' ti. eotl tu. vu t lat ...,i. leqtU, tbe1 wn .,..., 




fte Mtl ...,i. Md neauu 1>tq .,.... p!Mc.t 1• tJMt, taottoe '°''taa 
plate. U. top holdlq •late va elt.d ._ OB Ge Ce>p of tM ...,1. _. 
••t•.._ .,.s.q. n. cork puacb v• coatttd wttl •au. of olt aed ,..._, 
up at'Oqta t!Mt ..,1. (rt.au.- IA). "'9 puuta •• aenc.c. _. tlMI 
• ..,1. ad •t.aa •I'• _...,... to "ut' suertlaa ·tt. .,... ., ~• t:lle 
aut4• Ml• £a -. top Z.14tq ptau. taau •• __ _, ..._. of tll• 
U • .S.hd llOtt.oa of la• ta..- net ta • aMri.q ....,., 0. •f tll• ._ 
.._. vu ooahd wt.th o&.1 act4 tuer-ted •JI tbroap tbt top pU• Ml• 
vta • · ..,. wtng1 ·betna retwa.ttld toco ci. top Fide plate: u le u 
tol•f.Jtle. ft• -~ t11la ftntcUalq dw pucllell Mll ._,le w• put 
••le tat.o ta Mt«Om taolftag .fl.ate. tlla tQJ bolctlq pkc. vu •lW ...,. 
oa top of tU ...,,. qcl •las. t.IW MM wu .._.ted lato ** IOU. 1111pla 
h4 the ctna v• ,,_. ta '"'''""' '' tta. •1-"'8 ctm.. e..u., ... 
ClOllplfttad ............. ~- .. . ..... ..,.. .. ....... 
l'OC.ted bJ dMl bad oraa vbt.te •"- ,lt:u'b, ••--•• noftd.S ai. tor...-
"'81• ot rotation oune (rtp" U).. 'fut.us ._ •'lopped aftu the 
IHt\11 Md p11o.d w _. ~ ta •1•. 0.11 .. IUtM r.mc..,.. utac1 
to 4'PP1J dla torqq ta all tatt al-. f.t •• thta eu,f.Mt co .,.,. •• ud 
tt •• not the ~· of Illa!.• •tudr co lmrdtf..st.• cu dteei of da• 
..... of tt•ala oa ...._. •ue.1m • .. .... , 
a. toll , _,1._. Md ro k trAntletl'd ,..._ a. r•tU.~ wlngt into 




wt a fUa f U. Tile bottoa u . •• •llpperd l.o ad f a 3-1/4° 
f.•lde cli-.C•r by 2% 1 t ta-val1e4 •t .. t rt • ft• l't.fta waa 1 
rlaontally ad U ...., • and cetal n r"iq nn •Upped llortsoa-
t&Uf iato • 1• ... tho NC t • 
w ttc•1 •ltt • 1oll •-.i. 101 top. A tt eao with • 
ou~1 • i-.ter of J" vu to pntl7 ott tlae eot.1 ••le ta tile 
tt u (ftp,~ ) • r mo1t f the • ._1 .. , wry llt le force •• 
Md to 
drlV9 •batt 
1•. !be ttcl* 
• ...,1 ... 
• c w• tneut.cl p throu tile top la 
..,1. w.re put into the botc. holftq la • 
.MMll..- t pl••· n.. p ol tna plat• .. •ll 
u tl it r• 
u " •lid 
o .,_. HdeteNf.Md atopa. Al dMt ... tfAt the 
toil ._,1. tU it bottOMd die ...,i.. 'lben ... 
o1 
t l/ ' IMltlMlrA tM u.,. of t1M tM> CUP' 1/4'• Mt.well top 
p ttiMl face of tlae oP Utaa plattt. !beftfon, 
frlctt Mt::we41m the .,,_ or MCVM'D tM top cup _. p 
1clf. plate. 
1tq.,.. ompl•ted tvNo the tOl'Cl'M ud tlae t tw 
•haft. Ml ropr t• DOi:'Ml load •• pi.c.ct cu pan ated &ow 
• .. lted th• Cl' , ll• tbe ..... 
t tnMGt• 
tat ... ·" 
torqu.--.1. of rotatloa 4'U9I (ftpre 27). 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CAL I BRAT ION CHART 
Y= 3. 59 X 
ADJUSTED REGRESSION 
y = 3.59 x - 2-.28 
ORIGINAL REGRESSION 
4 8 12 16 
DEFLECTION 1 LINES 
20 
82 
nna .,. . tJUae 
Aceoril"I to lpanal•t (U). dla ~of faUve of• 1011 .... 
un •• ooul••m t.1 •entaa ne I.took of toll au1'Jated to the •Y•t• 
of .,....... tbw&\ la 7tau• ». TM •Marh& ••I' .. •• • e. ov.t•t4-
plaau •n Mro• ad 11 ad •a an t'•pMtt.wly dl• ... ...._ ad ai.U... 
p1:tnctpal at.raff•· Ao tat....SUt• fl'lac:tpal •tr••• c.outd M coutdem 
io Mt Oii th pl- lo die pl- of tM p&pel't Wt lt dOff not aiu lato 
dM au1y•t• of dM _..,_. •"--'"' atr•tth (U. P• JOS). Oaly tla• 
ux1- aocl •l•.._ pr-tnclpal •tn•••• •• Me«ad. 
tit• 1t:n•• •t.tuatt within ti. "°4J can M •epr•ffllt•d papbtoall1 
(ftpl'e 31) •1 • Hobr 4lqr• (D, P• 307). ln • Hallr 41.$•• dae 
OOl'Ml an·••••• •r• plottH o• tll• DHl•• _. al:lMrf.q •ti-••••• oa th• 
*fdlute. Tb• hat•r••cttoa of • r.Slu• _, tu clrowaft11nao• .-.,n••t• 
• etn11 eomH.ttoa oa • pU. wttb1n the aoU t.odJ •tch Mb• u •al• 
8 vi.th the hol'f.&Olltal. 
11o1ar•1 d».-11'1 of f•ilvn lt oomoaly ace•'*' la ct•U n1tDM~tra1 
VOt"k • 1'at utl1f7tq th• fatl111"e of • •oil ..... lfobr•• tlleOl'f of 
fallur• •tu•• wt • •t•l•l fala Oil a plau vbea • o.•rt•l• o,.ttma 
ooflldutf.oo o! a>lllil1 •tr•• Ud. •llMrlnt ftl'U• ocnn oa tbat pla.. 
ftlta opts.. o•ln••l•• ocnl't ..._ -. ot>U.•l•Y of Ch r•••l-t ol 
elle aorul. * ••ri111 atl'd,.• la ...-1 to tb• Mil• ol f.at•nal trlo• 
tton (25. p. JOJ). TIMt lOCM of , .. to1•t• of fa&.l•n f.n •Molal" 




















•a • c + • tu I • 
where la• a 
c • oh"iw •tnu. 
• uormal • t reat. 
£tlc9last99of eU .Wsl I t!t•91~ f19 s,011ioca tetu 
A tJPlc•l to...-.•aaal• of TO atioa • .,,. ,. lllowa ' rt .. r• 32. lt 
t• aracterh•d '1 • U.chap to a pen tortue araid a fallf.A1 •8.'J to• 
•l •of 
rotatt a f tbe alaurtaa cup. 
na. IMuto• 1tr•aatb .,.. calo l•ted t a tlM p.U to~u Md 
l4'1&ti 111. 
la • lllJMl (Ill) 
TIM to.-•tonal •bear teat• w.-e Md• at f tve dtf fenat nonal 
eti.•••• at a.ac tteld eptb. A li~ ..-~lo f alutarl I 1tr b 
rut ett>u• ... c.,ut..S for •acla ••Ptla. If ala ..... tu aoU 
aeartna atnaatb ,_._t•n c Ind tan 4 wre ••ttaated. tta. r•ar•••tou 

























































































































































































































































































































































































































































































































































































































































































































11su\etlcm .21 aqt\ .IJ!t!!ta1 Nm fm ~or•km !•tY 
llaM •U. wdw.-. a . 1rtato ttl'ate 'Mfon f&tu.aa ln •llMr1 a 
o:t•t•ln ..,.at .of • ._., 1• ..,..iecr to a. uU. to fall lt t• elieu .. 
tile au w:Mler t.M tor•u•·-al• of retatioa qrw, l• prqportl.U1. to the 
•••&r ....... 10 tha 10U ....,1... two ......,uou -4• ta caleulatiq 
tJte ......... ,._."' ..... cut ·daeP vu • •ifonl ..... ,,. 1tr ... °"" 
the turf•• of fU.lur• ad tbat l•tlvn •• iadU.t-4 by tile ,.Ulaa of 
t.U to..-. Rltll .... u-.tl~, ·111ut uu ·t.md•r ta to..-•&Gll• o• 
rotatto cu. up to tlMt peat totf&U* •• comU.da., th MHIJ nH&Uln4 
to l•U the •oil· ta • ••. 
TU .... -- au •• to~·--l• of rob,toe Ollrft• .. ,.. 
int•p•ted with a •leo.troatc p1ald.llet•r • dl•ou••-4 lo Appadta c. 
the cer1t•• vu• cttttcuUted. tor tM tont.oo t••t•, -4 tta.a _.. ...... 
alou of •...,.toe aMTl1 oa oonal ''"'' wre ...,.t•d. 'Ille•• 
, .... , u .- .-.. ta rtauru >s ad 36. 
1asun1g•un •«, • t!m•1!n ,911an 
ft• Uoeu Y•P••Sft c•filctnc•, "'-• utiaatM ·Of t- aoU 
tM•laa p.ar-t•r•• ••tit.• tapor~t tb.lOll to cout4•Y •o tat.er ... 
pf'•ttna th• ••sr••toa anal,••· Tat>l•• •I dt.u• l'•&r•••loo coefftcttnt• 
u• p"'1 for .... ol co.padaoa. ta1>1- 1 tbon tla• rep-u1i0ta eo41f.fl• 
el•at far .field D•lj tet>l• 2 •bowa tlac .-are••loe c~fftoa.. ta for fS.14 
D'*b• 
!be UM*r r•SH••f.on <HHtff l.ot.eot• ta ' ..a b ._... rupecu .. 1.,.. 
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l I • I ! 
lf!W"hl•«ttut'l 
' ' 0.06 0.44 0.61 0.72 l'ro'OUUlt' 
ta. 4. 0 >0.50 >0.10 <0.01 <0.01 
c 
11>/tn.2 6.16 4.64 4.0I 4.66 
9Sl ooafl• .... 
ta •n•l 
llt/ta.1 3.·~··' 3.Sa,soSJ.96 l.Q6soSJ.10 J."'QsS.76 
IU!l\U e!R 
lt 
81 •ltt/ ..J!L.. 
t.a.2 w.i o.se o ... 0.11 
l'ro'8Utt1 
1t • 0 >0.40 >0.10 <0.02.S <0.025 
• '•··Pt la.2 3.92 2.22 1.eo 





!al>l• 2. ~.to fftct••U• flel 5 .. 
' ldr«tl It ij ' l I ' . ' l .  Jt I 
IMlm t!E!USi 
T ' o.Je .0.01 0 ... 11 0.69 rroMb11ttJ 
t 4·0 0.20 >O.SO <0.01 <0.01 
c 
11>/ln.1 S.60 6.4.1 3.62 l.11 
''' c 
i• .. • 
1•t•nral 
lb/la.J l .. ~.,1 4.11So.S,t. 7) 2.41,soS,4.12 2.9)$0S4.11 
11\fftlM!Ml'.IX 
'•··'Yl!!.-ta.,2 ta. 2 0.11 Q.47 o .. a1 0.65 
Pi'oMIJiU.t:J 
•O >0.20 >0.50 <0.01 <O.OU 
• lBa•lJ. 
10.2 2.12 J.26 l.JJ 1.6.5 
9.SI coafl• ..... 
latenal 
&!a•lb •l.1~6.11 0.13:$-st·• -O. ll:S-.S2.12 o. 35$.9'2· 9J 
ln.2 
tt 
cite ra • f 
the •i Uicant cH.ffenac• Ir ur of t•' and It at 19'Ml• 1 _. 
2 l: tll fi•lct. •• "17 vuttJ.1 lttdlc•te4. ...... ... ca' ad It at 
lewl• 3 4 1 tla f telu tllft• atplftca 17 dtff_...t fr011 llft ct 
t 2.s parcen p~lllt1 1•~1 or l•••· 
4 1• .. la • f tb.e tupat of u ..,1. of tu ..... 1 fl'f.c• 
• for tM 90llt tari, lt te tka• to 
9011 ~ • • 
1ttl'tbuttou wre uaen tally • ._ all l•.,.ls w'ttlll11 ._. t th 




, .. i !l!lcl &!!· I I s 
111 CJAJ • lilt 1., JA:vel >5Gla J0•2" <Ii >SOI& 50.2- <-
l 45.1 29.0 2S.f 41.6 31.t u.s 
2 42.6 S1.9 u . .s 41.5 :n.2 u.s 
3 44.1 .. 25.0 40.6 30.4 29.0 
• J.6 Zf.t 21., 39.t .1 30.0 
J't:4*tft • tt•r ftM ....,1 ... 
fte -•ipif ic t 4tfferenc• fro.a f aa I •t lew1• 1 aacl 2 
u 1 teqntecl •tatteUeall7 • a _.. fol' mre ...,u.q at tllen 
i .... ia. If.Me tile ,_tiet. •i•• latt11*tt_. wn ta. .._ at aU 
1..,.ia Md ta 4 •• lltpl7 aipiflcu •t lft91• J ad 4. taa I MnlJ 
100 
1'eMtaecl to k 4•tect.S •catl•Uo•llJ at 1.vel• l. Q4 2. 
t.nela 1 ad 1 t:aclwt• -.c u c:omoat1 o,cUu di• pl• 1.,.,,.. 
Jiu• data 1.,.. u conatatt1 di•t•'h4 b1 ttU.ap, u wo-.14 k ..,_tN 
that pla,aica1 .... l'UleJ\t• la the plow Uye¥: wuld !lave • It.tab•¥ vat•• 
ctoo froa ._i. to ••1• daMt 1&J iU uuttJ.tH 1.,_. 
A .:omit wn '.fide o! all th• •Mf>l•• ill&• col\ta:f.M4 con •talka. 
l'Oott,, or oth• tuch •tter. a. fw414f.t._1 of OCG~-.c;• b llhon lo 








Ahut 1/4 et ~ •-.ld at tlie f lrtt tvo 1....U oonulold tr&A. 
wkil• U.ctl• 01' ao lraR w. ---•t:•ftd at tM Wt ewo l.,,.ta. ftU 
u uot .. u ,..._, for tta. h:lpar yarlatloa ...., ti.. ••1 .. •t •ta. 
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e etve •tl" th •oil vu 0ur.S v .. eatfJlatM b7 •· 
.. ttaate• of C • at 1..,.i. 1 · 2 van aot fti"J bM•M 
t ey _._.. affected ))J he 1u,,. ettort ••oc:tated vit.b taa 4 b at 
tbet• lnele. 
lu t .._ ob.tat.Md befcwe; dtAtnfon. • elf.not ...,..ho of ta. 
vat"•• of 4 and C taiDM l th1• atw11 "1 otMI' ••luu •• not 
t>H•it.1•. • ... nl&c1• COllP•bo• cata k -4• wt.ell ..... 
atrattt oat iM uc.-. wlaat m.11u: be expMhd. 
A *>il, Colo 1i1t1 o...,. lo.. vict. • ,...u.ol• •ls• dtatrlhtl. 
1lldlu to dMt .. u la tlMa fhU. va ua.a 1 _.., •tudf.d. A ~ 
tebl• of putlol• •f.a• •t.~lwtf.eu u .._. ta T•l• J. aow. (21) M4e 
...... •tNnatA ....,r ... u oa tlJS.. •11. n., an •laoft t.a rel• 6 
•looa wt.ti& tba .al•• froa tilt .. etuc17. 
Piel D•l8 
ru1c1 , ... • 
Colo •iltf Qla1 lOl!a~ 
.......... ..._. all level• • 
.. (22. ,. 40). 
44.3 
40.1 










• l• 6. ll of Reari atr•aath par ... t•r•. t 
tan 4 
e, 1 /ln.2 
I •iltur•b 
lullt wl vetpt0 
.... (22, • 0). 
~· vetpt buie. 
field D•l 





















Loo toa at Table 6, tlaer• t• • -.punc dltfenac• Mtw•a tlMa 
val of c froa owe•• atud7 ad t1a• c•a found lo tilt• at.Sy. An iu,eo• 
tt of Ta 1•• 1 and Z alaowa at lb 9S perceo.t c0Df 1de114e l tervala of 
at level• aad 4 o aot tncluci• 1.J6. 
Thl• dUI• -.ce occnarted bacauae tbe olM•lon of a aoU inor .... • 
U.MA1:l)' vf.th tbe oouolt atloa i-ru1Qn1 t.•. kl vol.,.. wqb.t (20, 
p. 41). lupecdoo of Tal>l• 6 abowa tll•t la p•r•l C la S.aor ... ta1 .. 
tile Ur. '¥01Ullll wtpt l• 1ncnutq. Altboup tiler• u probab17 .-. 
cl if.fer•-=• in th• c•. froa till• •tu•1 a4 t1M c fro.a ..... • • •tudy ... to 
tbe dlf fereac• ln tM aotl•• U would .... that tM ltf.apat po-rtt.oa of 
tta. dlffereaoe S.. d..- io th• dtff•r•ac• la bulk vo1Ull9 welfllat•. 
dtfferac• tu tbe tu 4 'dluu 111 t•l• 6 can be eaplaf.M4 7 
ob .. l'Ylaa T•ble 7. 
104 
• tnt• ala of t 4 
9Si conf W•ac• 
t tenal 





















4'•· lt oou.14 t>e concluded 
leteotly 
hl I' U. o. , and tilt• i• pro ably d to c.oncent of 
tlut 10il• tn field• •1 
In th• prec"411'll dl•ouaalo it tta• •ban tll•t ti. v• a nlatt 
tbe Ut\ 4• a froa till• 1tud1 allld •• 
• 1• _, o tlll• k•l• tt n• c aoluded tltat tb• c• • 
thi• atud7 wre at would laa expected. _ .... 
ua 4'• fr011 
dlta tan 4 alu••· 
'lulu 1 a.cl 2 91\ov that tn' I..• atptfti tlJ dUfer•nt froa ••ri at 
the 2.5 percent ft'ObabilltJ lewl or l••• at flel level• l aa4 4. !al• 
"'I • owe tlaat for th• four valve• of ta ' tll• vpp9r l'llll of tM t.5 
.. .,. toa cU.ot.ate tbat tu ~ ab.ftlcl oaty approac l.00 
105 
ad uwi- ncM4 tht• ulue. .Althoup t1le ••tlMied •al••• of t ' •r• 
1tptfl 11 tffu t fl'Oll ..... tlaer do c of tu ,...t-.l• 
,._. of valu.a. ftt• ltadtc•t•• t Me4 for 
euct u t•• •• 
R:st•!'.!detta ,, !fU ellgrt.y •ttt•Gla 2roeutt11 ftoa •M! tftt 
A tJPteal ~01'4lu• • aa,1• of tattoa crac. for a veae t••C l• •laowa 
l ff. • 37. It i• eh• aet•rf.nd b)' • bctUdvp, • puk or leweU.ag off, 
aod b • reduoll to a lewer val•• of ta.. tttr .... 
1..-uou 1, p. J2, ad A.9 , p. 132, wn _.tfltld for tla• putial 
f tlae 3•• .... , v3• 1..-uon 1 wuu aot 1aaft ea. _. to~ oOllfOM•t• 
'a• fr• v,. Jtuatlo 1 •• tlOdtf led to tlMt foUowt.aa ton to 1tw cu 
• t.~ of the 11 vane. 
Aear a the •ad eurfac•• vu ••.-.4 to tU. place ln a plaae bound9CI 
b' aa t•t•• ad tel.de redtua. 14HU.on A9' •• M4Ut• to dl9 fol• 
lovtna form 
vb.er• r 1 • t.Mld• radlua, anlll r 0 • outei • radtu .. 
tu ••ts.Mt.. f c froa tile.-. t••t• an abowa 111 Tal• I •lolaa 
wtth OM•~• dae tor•i• te1te. !be .. tMt•• of C from 0. .... 
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I j _ ·1 t If . -, ... 
c 
u.11• 








., ••• i;. I 
· J 1 r .. ! · t
!ltl41 !:& 
6.16 
4 .. 64 
4 .. 08 
4.66 
!l!lf .U·ll 
3 •. 60 
6.42 
J .. 62 
),If 
l JI• ! . J t - - ·a . ,,, ......... . 




3.5~ •. 76 
l •. ~.tl 
4.1~.73 
2.4f9Wt •. 82 
1.1~~··•1 
t .. ta WC'• coui.tentlJ _.. Ill.._ iMa ~ i..- 1lM tol'llon t .. tl. 
ll•• the •tt.at .. fnia 0. t••tn t•h bave . .._ .._.. to M l• a... 
.--.. of cbe .,_,., wlou of c. the •ttMt• of C fl'• tU ,,... ••tt 
WM la couf.d.•61• «l't'ff• ar. ot' •n of lM •-&t.ou .... u 
••Jtmetlon wf.tb the.,.. tot,,... pro1Hdtl1 Wdl• 
l\wdull' .. u-.c• of dle •tl'Cn' 1....,1_. ia tlae •- t•t• i• aow 
'" Tal>l• 9.. TIM caleutat:d val_. ••• ol>NlMd br _.,.. tU ,,_ 
..-Uon, AJ.O, Uftloped io .,._.,. A1 but aodtfl.a to a p•tlal ,,.,.. 
a. ••U•t• of tan ' ud C frora th• tontoo t•••• _,. 111..S I.a dae 




"*' .... r f & • A -,:; - -y;;;:m; b 
.,.,.., .. 0.1•• 
•Ml I .... , .. ( • 




'11!1a•lllS· • 100. 
Cate. 
lOt 
r r ¥ ,... 







"~ui •1- la ••lU of 11>•l'O. 
!",!mt.! .. ii .. stdiJ · ,; =·~._...,. Qalcv• 












~toa ••the cliff•.-•• •11 to•tlMl1'1 tile._ ... dtf.fanaq of 
dsa t• ...,.. 1• rooa1tt1 twlc• ta. .....- 41.ffalt'd.Otl f ti. J*• ._._ Df.1 
bee. pol.et• to•'°"'"• oi •c-rot la tM .,,_. -.u. lf *-" w• • 
cot1pUut.t ..._. •lt•tS.on. otbe1' tha tkat ....,.,. on tlM qll*11'lM1 
art.- ol tJtM WM, It vou14 .._ dlat die t.wl'._ 4f.lfu.-. of *- S8 
... aou14 " --t dine , ........ , ot • ttt ...... ....... ... 11.nU 
·t1M. actual •ltvatf.oll :i• .,.._ • .,, it .,,..... tlaat cben •• a to111pH• 
eated ...... •f.tvatloa coo.-cted wUli dM ead• of die 1" .-.. lt -.. 
aot pot•tl>le to iUPMt da• .. turf••• of f&Uui-• ---- .., •ttlllJC 











































































































































































































































































































































































































































































































































































































































































































ta 1'M•• tu f't'iet.t.oul force• va7 ~ tbe OJ1'ad.-U.1 •vri.• •I 
faUu~e; theMf.-, the fd.etloul .... ..., •uru h me c.ouuac over 
tile wrf-. of hi.we. 
l!Qtzeta a&ata et m&1\I!• ,slUl.a 
lulk wt- •takt• d _,.ta,. C.10D-.u "'* ~. at Mell ..._1. 
a. ••~ _.. ftolm i. Hpna JI _. •• •1 &8't'dc.kNal dd•Nl•tloM 
.a IM ......... of ti. iatlvt4wal•. 
TM lop YUlatt• of 0. phpf.Ml ..,i.ttOM 9'dd.11 tbll oil ca 
tito \Mt o:taMl'ftd to tbtff ftpl'ff. Saltl• 10 ._. • ....,.,. _....,, of 
ta.. 1-l.k wl_. •lPU ••<w:dAied wltb *- 1.-.1 ..... It cu . ._ 
oiJaet'W4 t'-t t1'U9 k _.,, .... 1, .... •nor ._ ... _. vi.th lt•t• 
DS•b tb;aa wi«ik fi•W ll-1. 'llab ..,. ,......,, ..... fhl4 DJ•b ... lo 
._, Cnpl -4 fkW ,_1 ¥• in all•lla fos • ,..,, 
laUa wt.. wtakt• 
l'ftOftt •l•o..re' 







































































































































































































A U.llitecl 4111M\t of dGa waa gattac• tD tbt• ae:wt,. Aear tut• 
,,. .... perfor-4 oa 101.l Mt111Pl•• ta-. f1'oa onlJ one •oll tn- ln two «Ill• 
fueat field• t!Mt had bun cl'Opl*I 4lffnutlJ pd¥\_. to • ..,u.,. 
to die aaeoc. of •7 pl'nlou• ••d•u.cal 4tta for •laa u • pide to 
d•1tp tlle apedmnU 1• tbb •tud7, • 1!'aMOll1Md ltlook •••lp vltll fom.-
f'•Pllcatiotul v• UMCI. Ool7 di•• .,.,11ca&lou ••• C011p1etad la tu 
l•t lte1d ••1"4 l>•eau#• of cold •••thn .. a. .Uarbaa •tr•qtll and 
el\urtna ••r11 coetf tctnt• tan ' aacl It WT• foued to a •tattattoalt7 
dtft.nnt fl'OI& Ul'O at tile 2 .. S pe.-cet 1*Ml or l.U• at ~a.. · t•ll ad 12• 
15 lach flel4 Cl.pU.... lowvw, tll• 95 ,.rcuc coaf,deM.e tat•l'Wll• of 
thn4l caffl.ctanu t•lvde4 .-ott of .._ po••lbte t'DP ot valuu. Tb• 
hip ••t•tl• .... tM • ..,1.. • ..... ,,, tll• .. .,..,. l• • ...,i.. •t 
tlw 3·6 ad 6-9 lnolt ft•U deptbe prttftated ftaclia1 vtdl .te.-u 
•taU•ttc•l •lpUtftnce (J pnc•t lewl) tile ••taa ttftlllth * 
th .. l"f.ng -ro r•...-•tcm. CMffloientl fl'• tlae tonbtn t•••· tM ap• 
,, ...... " ..... l' of det•mnatd.ou .... at •11 apw to •tt•I.• dae 
d.9•tre4 ltMtl of •t.at1•tloal •tptflc:au• ud eoaflft;a.oe lnt.enat lbould 
M detn'llt.Md kfon ta.. tor•t.cm t••t l• "'" to of>tala -..rtlll •tl'•llltb 
ea.r11 ••lu .. fo~ • pat'ticul,,.. atudy. 
fte &ta fft'll tlla tfl""•ion u.t• •t U. 9•12 Md H•U .i.Mb fl•14 
4ept:Ja. .._.. • f.at•l'•tln1 r•li•ct-.blit kcw..a. tM ••11 ..._, ... 
1tr-.th ad •bearba ... .,.. a. l'•t• of tocr .... of ••t"I •tr•oatt. 
wto an tncw ... toa •l'M1 •t:ru1 waa faun.ct to k ectual co die race of 
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t11er .... of ad. ••1'11 vi f. Teuf. nal ati-.... Tbt1 T•l•· 
tl t Mede to be ntu...t vlth od:ler •eutq •tllo4a ad otlaer 
•oil• omouly . 0Ullte"4 i• ttll•• opllratf.oae. for cOllVQieooe, • ., la 
• et 1 c ld be cODll otu la tile mttet 'IOf.1 blae Uled 1 ptevloua 
lll'Meti .. tort. 
ot a •aoe for •• rl tU ebeartsaa •tr•Qttll of aartcvltural aotla. It 
•bowed otllerwt•• vhe f.t vu QM oa. eoll •-1••· A -...r of • ..,u. 
fyiq ... _,u.ou WI'• Md• wbeD tu data ft'om di• vane t••ts wr• 
... 1,.ecl (pp. 51, 126 . ) · etb • a thol'OU&ll lawutt .. tton of tlMI.., 
teet, .tat.ob at.pt b'clucl• tlMt 1t.ae, eaa.,.. Md ....,... of wiop a vae 
1bCN1ct aw, vout clart.f1 IOM of tbe •UlplifJtq ueU11ptlon1. 'Ila• 
v e atpt al °" to '-• • eillpl• aftd coowalnt S.ut~o for 
•uurlA& " la •ltu0 .. •euta1 •tnaatb of aart.c:utt· rat sotle. Tilt• 
atacly could •l•o ct.a .t.n the: model eof.l l>iu. TIM advutaa• of 
tlae llOU bi.M owr a ftel4 u tllat the eolla t tile blae ca P'f•pand 
eo tb&t Ml'• f.• 1••• variation vitlatft the • il _.. tba a •oil in tu 
fteld. 
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1. ft• •hffl't:ag devtce coutnct4td tn th1* •tud7 ,,., o•ed 1-.•••f\IU.J 
to paform aburiq tt:nnsta t••t• on ti. Wt4utu1:1>4ld toil 11111pla• 
bl.t• vttll th9 rot•ilq•-.ap:r •oll .-,lar. fl•l4 ••U •h.ce'laa 
•it•qtb d•t.•!MlUtiotlt 'CM h Md• fut e.18NP to proo .. • tM l&l'p 
. ....... of • .,1 ........ to.- P&lptoa • tJpic•l. tlll•ae tl' .. ~t. 
2. F1•ld ••o"9eau of aotl ·•ll••rta1 ••neatll ..S ••ttM.t•• et th• 
aoll AMl't.I •tT-adl .... tel'I c .... ... ' ........ tvoMNf•UJ 
wf.tll tile tor•ion '"' wbft lt vu appltM to the vedl•turNd 1011 
...,1 .. fra tl•W 4•ptb of t·lt _. lt•lS lncw. lt f.• P'M•i'l• 
to ••tf.uc• With tile dutr-4 l•'Wel of atctl•tlul •lpt.f1cance tile 
..._101 •treqdl ••-t•l'• C -' ta I at •U ft.lei depthe '-low 
3 , ...... 
. 3. TIMt rate of f.•MM• ot ult ...._. .. •tr-.th •Ula • 1••••1ta1 
aonal •tr ... vu -a•t to ta rate of taereu• of .. u ...._,., 
.._.,. Wltb a tacr•ataa urul •tr•••· nu .,.. concluded f..-
tlMI ruQlte of th• Mrttoil tat9. 
4. TM,,..,. •lbo4 ot _...,l'taa tile aoll aJlearltaa •treqda ..a ••U.• 
•ttoa tl\e •llMrua •tnqtb pua.C.I'• c and t• 'ifld •t atw 
aool r••u1t• wlaa ud 011 mid1•tut"4 ••It· • ..,1 ... 0.. oi mor• of 
tlul •'-Pllf71aa auu11Ptiou Mele h a&1fll"I *- data tr• cu ._. 
te•ta •• pro1J•bl7 noq.. lt appeared til•t t•r• vu • compltcace4 
•ti·••• •Uuattoa otlutl' ·tb• ... --4 o:onuc:ted wttll tit• •od -..r of ...... 
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• of aoU Aear l• low actio qd 41 acti Ila 
..._ tbowa ~, .... ral ,...._ 1aator• (1l. 11. 18. lt). Leod (12) fouad 
cha U ..... atte da pu-tel'• C tD 4 to be lepol'hat 
.-kl •redlct1 of fo c.. fr.,. • aod•l to • pro otJpe dl•k. low. (22) 
fO\tlfiCI daat .,.t f dw '"°" .... ta 4rafc wtth li:acr••i tool wloclty 
•• ue t:o tlM f.Mnaae of tba aoil •bee. tq atreqtla vitll ao 1nonaaiq 
rate of •'bur. le uaed luUM4 p1-e ttUap ool. 
l.Mnt l•t• .. t bu .... Mon for nlatf.aa a till .. tTeaC:..at to 
tile T .. ultt eoll tlldk. • r .. t.taac• l aotl to •~ ta 09' of tbe 
f aotor• to '- ouU.ncl la et\lelytq tbe ~•1•t1oulltp -.."'"° ttllqe 
treai.ata .-d toll t11t1l. lafon the illlporta1111• of .au lllear c•ld 1'e 
t..,..d.aat• • a ..... of .....,. .. , .. die abMl'l• r .. iatlM• of aoll 1D 
t lteld ..-. ._..ed. 
fte1:e haw bHa ..... ral aoU abead ... .,,_., ... a4 •tlloft u-4 
:la 1 rato17 atucllea. kt '1 ..... Mt readll7 Maptet.l• for uM tn 
..Uaa allear tuta ta t fi•ld. rreUltiMrJ l1m1attptloa tadtcahd 
tbat ...._. t .. u c lei perfoftllcl -.c CO'btftlntl7 oa uadS.•tu1.'Md 
aoil a-.1... Aleo, a evcc.,•ful aoU •MPl•r •• alreedJ 1 ••· 
Tiit. ebadf v• 1114• t flnd a •th r •tla04a ot •'-d.q •oil 
tba( c011l k uaed o th• aoil • ..,1 .. obtalMd ff'M tile rotad.ag·•l!ll" 
toil a_,ler acl to ,...... tb• fotlovf. objectl~s 
1. To coutruc. a •ric• daat pi-ovt«IH a _... of llOldl .. tile 
aou • ..,l•• Md a _.. of alaeart.aa t.._ •1 tU •tllod or 
1%0 
•tbeda eboau. 
t. To ccm41aot a apert.nt utq tbltt 4evle• -4 the&...- •t'°4 
or •tbod• •*••• 
3. l'o ..,_. Md evaluta *- ruul._ of tt. -...daftC cm • aut• 
... 11a._tn1 •trQ• 1-•U and u enu17 to l•tlun bMf.a. 
V.O• ...,,lewtDa tk• var&ou .. daod• of MUU~taa * .._iq 
reatat...- of •oU.a tlaat an oomoaly ·""4 la p.-actlc• todaft til4l t.ortf.oa 
t•t _, tlMt ... t••t .. _. to hat ,••t:laf1 a. ••C&•'nMllt:• of tbu 
1tml1i hth retea1Hd Uttlft ...... Pl'•P••tf.oa _. botll ••• ... ,1, ,. .......... 
A ebaain& 4evtea and 'W abM'l'lQS tooS.. •n eot11tneteclt Md ...._. 
lftl cut• wn ..,. la tw tllff .... t Hel<11. he •lw•lftl cuu ver• 
conducted ac: foe fhld 4.,da (3•6 11 6-9, t•12. ad li•U ta.cMa). 
Tile tonlon .,..,. wen Md• at diff•t"••t noraal atna.... ta. 
...._t.aa •tr•oaw ....-. Hloulaued •las thtl ..,..._. to~• fro11 tu 
tol'...,M8l• of.- Utioa ntwe. ft• 11._ 'r•P'..,lDDI of .Uulq 
•treapb on ~l •tr••• 7t•ltld ••tl•t• of 'th4I .aurtag •t ...... 
pa-ten c an4 tan /,. ~ •lta•int eafta1•• wn oalcvlat .. f~ the 
••• lMluded ..au tbe tet...-•aat1• of l'Otatla arw• up to tlMI Md• 
... torque.. LlDNr n1r••toa# ot 1)au.d.•1 ... ru n nonal •U•• 
,-t.•11ed ta. ••tcaa ._.. ,,. ... tn• • _. a.. 
the .......... •tnntdl pu .. teft C Mfl CU I WI'• MtlMted fl'CNa 
the vu. teat• by u•la1 dMI ,,_. fon&alu uftlo,_ l• thla •m4y .... 
the llQtaa torquea ft'O. Cb• ,,_. t:or4JU•••1t. of' rotation cunrea-. 1'IMt 
.._laa ner11 ,_ .. t•r• o...,t tie ••tt..t-4 Ira th ••• tut •tac• 
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• aon.ual.fa• at1'11U •ltuatloa occort °"th• •ttdad of i.t1•1'•· 
lllud.aa atraat1' detemtuat'-9 wen Md• l'Atllu U1U.7 ead 41oiclly 
vi.eta die dwf.o• and •d\od• •*'· Alff, ...... _.u of •t.l •IMl•t.aa 
1tnqtb. &1\d Mtlt•C•• of a pcraM••n C ad tu ' •l'• ...,., •uc....,. 
fu11J Wltb eha tol'tioa •tllod,. atle tU V_. •tboct of Mkilll ttau. 
Ntfaat., wa ua1U. ... •fv1.. It •• fouQd wtdt tM tor•toa tut tliat tla4l 
tat• of ,., .... of •bur-aa •tnqtll wlth aa laoruttaa __., ,, .... . 
WI ••l to ta. r•t• of I.Ml'.... of a.-lq mMru with a illOl" ... l.q 
nora1 •tr••· 
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i. Mtrioe Sooh'J for t.ttna Matnial.•. 1711PNl• oa wu .._. 
t••tt.111 of .. 1i.. A.1.1.H. lpMS..l t•hotc:at MllcaU.oa lJ). 
1951. 
1., 9Ubop, Ale w. ad t.ml, D • .r. tJte •un-•t of •oU propetctl• 
la lbe td.ulal , .. ,. t.oGdon, lft-4 Ano14 (hb.U•IMw:•) tu. 
1917. 
4. lookhop, C1anu. w. llld.lllwt. la fnfftlpttou of tlUap 1-pl.,.. 
Milt•. _,.ltli*M rta.D. ShMb. Mff, Iowa, Ll11rU7t Jova 
IUt• uat,...•f.tJ of Scleace a4 1--.1..,. 1t.S7. 
s. Cac1U..a1. L,.. a1ll ~ta4. lco. 1au. ..,.,.. borer. loJal he.ll.•1' 
a.otennte•l 1ut1cuc•. hooM4top a. 11.10. 
6. av.., l. and Slllln•tt. G. G. A •fapt. .- .-v.atnt tatc.,....t tor: 
..,.ul'i"I ttMt •biielaa cMJ.ae._. of •lay •tl•. J'wna1 of 
lcf.eutlflo IMtnMota. Ut4U-414. 1941. 
7.., fod, LQcey I. Df.ff•r•t.._l ..,._!OM. W tKI. la Yo .. k, llcOr•· 
IU.1 look CollpaGy, lac. IJSJ .. 
e. ltftr•l•· M. a. Tor•loa • ....._ cute • tllef.• place lo the det•f· 
.t•tlon of «la• ..._ ... n•S..t.._ of toil•· Mn'lc•i. 
loc.l.•tJ fol' tati,q Mated.alt. hoc::...Stnp. 39~999•1022. 
list. 
t. _. &afMD • .-. .. c J. lor•l• .u.- .,,_.-. and tut:l.•1 
proc-.l'•· . W•t•.,,.,_ a.~s.nc IC.tloa. 91cbkn:1, 
Mi••t••tppi.. lullatin 38.. J.fS2. 
10. X.U•. i.,._ K. C.lculu. 2nd eA. '-leiwod CUff•,• •· J. • 
Pftatf.cc•a.11,. i.. lt49. 
ll. ~-~· w. r. Cid •ohot., n. t.. ·TU ..-e"J of 4i.tklt e.od •oil 
••1ationlhl'8• 4Ptcultv••l aaas.--u.a. 37:...,12, 128. 
1956. 
12. Mcr.od, aenerc 1. OUtortN·md•1 tbeory ta lmrdttpttOOI ol 
tlll ... 1.ap1 .. a1 ferHt., ~ltaMd ft.I. !llul•• -... 
twa1 Lil>l'iWJ1 b• State uatwi"aity of htuce ad Tec1'ao1•11•· 
ltSt. 
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tJ. tteeu.. J. o. A ,, ... boru ,,,., t•ttns a. •tal>lltty Md •t••nat: 
of toll .-....... a.cl toll fwndatlo•.. um. .... •tt:r of 14.llbo. 
Snat.__.tae ,.,.,,..... t Statton. JuU.•tlo lt. ·its6 .. 
14. lt.Cbota. M· i.. nae 4JUMl.c propertt• of aotl. l. a npl-.tloa 
of the 4,_..o p~tt.• of aotla t.1 ..... of colloidal H.1-. 
Aptcultural lagt.-ri•I• 11;. 259•264. 1931. 
ts. -· ·-··-... ·-· !lae dpmic pl'O,_tl• of aot.1.. tl. loll _. •tel 





---· ft• d,....ia ~ti.a of aou. 111. ....... ,,.1 .. of 
u.a.c-.nted •oii... Apl.c:v.ltu?'al IQll1lMrlaa+ 13s»t•D. 
1932. 
---· tr.thofla of CUMl'ela la •oU ,..S.oa • applW to lllpl•• 
•nt: ••tp. Al..,_. Aptcmlt1aral .... :IMot lutloa. 
lulletin 229.. 1929 .. 
---· -4 ltam1r:1 I'. &. fta 4JWio pnpertte• of NU.. lY. A 
•tllo4 of ... ,,.,. o! plow •lcl'board de•lp bae4 upon d,u.tc 
Pll'OIMll'ttu of •otl. Aartcult1.ll'e1. laaiDMtlag. .l3t 279•21'· 
1932. 
__ .,._ ad R...S,. l. f. Tit• d,ualc propent•• of eol1. 'fl. 
l*tapt.cai reutf.ou ot ht.l• to ehlltoud •vrl••· Apl.e l• 
tu••l loginealq. 1'1 187 • lto. 19.94. 
20 •. fal.Mw,. L. A., Brwa, lb.tlip f., ad Y4M:l181111 C. ll. A pnc.Sun fol' 
Qparat.elJ evaluattoa frtcttoa -4 oheat.oo o! .oti.. bf a 
c.-ollc1at.ed dlnot • .._ t••t· '*-•le• hct•ty low l'•tf.Da 
Hat•rial•. A.l.T.H. lpeaUl T.amta.l hbU.c:atloo 206. 
34-49. 1956. 
21. ,.,_, r. c. J. and rouncatae, 1. a. • fl•ld •tlaoa of _..l'i.Da 
dul -..r •t••aadl of aoJ.l•. 1blt ~ of ,Soll h&nu. 
3t136•144. HS2 
22 .. a.e. lllohad J.,, Ut•ct ot .,_.cm tlM •l-t• of dreft ot a 
•tmpi. tt.ll• eoo·1. ..-u.aw M.I. ttaeats. -... ion. 
Lf.n_,, low• lute V.lwr•lt7 of ht._. aad 't•lmolosr. 
19'9. 
13. hebae, w. talp pu.tlapn f• •i• 1-clteobaba. ~tk. 
Gradtapu der LaQdtNhtd.k. '7111•27. 1.9'6. 
24.. tnaaoor. ~ w. lc.s:i•tt.o•l •dlod•. Jtll .t. -.., Iowa, I•• 
lt.a.te Oollap ........ ltH. 
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U. lpual•l'a HQl.ta Ctat. loU eaaiaqri... lct'Alltoa, lat--.tloMi 
t•atlM:lok .__,.. 1ts1. 
t6. t•:rloft l'ioul4 v. ""'1d...,,tai. of •oil MOa..tc1. ..., York, Job 
Wt.l•J -« lou, la. 19'1. 
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ACUIOVLIDGMll'tl 
ta.. •daor wUIMe to expr .. • tale .,,nolatf.oa to J>r. c. v. locklu>p 
_.Mr. w. c. l.o.elJ for tlMS.r ptAaao• _. ual•t-• t• coaduclf.q 
t•ta •tvdy and 1• tat. nepuatf.oa of dlt• dutale. 
U6 
.,,.., and ._...•t• (6) •••lop.S • etlv•tioa wilts • ., ....... * 
tor•• requln4 to f'Ot.•t• a •aae M a fuaottoa of tll• VOi 41-ulou u4 
tlae ntl 11ae•t .. •t~•qtb ,_ ... t••• C • ta 4 •. 
lt 1ho..1• be notd at ti.ta ti.• tbat lO tb• k•t: of th• adtor*• 
bolrlectae ell• •••tioa and ru•lU pn•ntd '11.u tmd llaul'•-tt .. 
h •n'OI!• ;,. dlMU•toa of tbt• e&TOI' •111 follow l•t•r. 
a. equatloa ta Clewtopttd u.ta1 • •JlllMll'i.oa1 •- aa4 tile foUovlq 
•""9ttou &ad eoiull.tionaJ 
\. ft• co...- l• -.,1s.t ln • oloows. .. 4tc•tton. 
2. ft• hf'IM• of f&Uun u tll• .,.. M tile eurfue of l'ewbatlon 
of the va.. 
J. TM •ll •h19 lolls-'• tlleory of f.at.lure. 
4. n. •oll la aio.....- aad lfftnplc .. 
s. ft•n u "'°prop .. •!.• faitun. 
6. It.nee tla• depdl of t.nurttoo t•.,..., ••11. th• aonia1 fol'C• of 
the •acl pl_.. l• ·taken M Uft> ao4 oal7 eolaut• foft• ... 
to k takAm tD.to w:couac. 
1. Coa.elder a..._ lMRted vertte•U1. ·oa •1 'Yfftlul pl.,. 
Pllll tllrovcb ·c:U ceat•Y of rotattoca of dut •rf••· of nwlll• 
tlon, U. bod.sontal force• 11111 be pupencttaular to th 
wrtical plae .. 
a.. '.tlMl clf.ffnence betwMQ dl• dll~ .,,. .... ..t ttau u WrJ .. u 
0 
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••• t 0 1• "1'1 11 
sou 0 •na at rt t -.1u o tla• plane f t 
f'r.cllal • + \ 
ell • f •1 (cl /l) "' ~ · + ('bf/ ) ~ Ila (dl/2) • 0 • 
(true for Wl'J ... u qlo) 
IAl\J 
Mrcll • 2 1 df/2 • ( r/ ) T° • 0 • 
jd12 
2 i• aero 
ron••t-...ttal • 
(• ••coad Ol'der lffewenttal) 
(Al) 
+/ 
+ ( taa 4) rd - P coa (dQ/2) + ~(o I )cl~ co.<4'>-o • 
Aa~· ooe (dt/2) • 1 
UI 




/ {N tan~) rd e 
I 
·~ ............. ___ _ 
• r 
' • -1a .. .....i ..... ... 
•• 1 .~ .......... '-'--
,. ia.t ., ... . 
..c·•1m> • .-& ....... , ....... 
r • .-..._ .... ._ .... .,...w ... _ 
•••• tll • -~ ., .14 ...... 
Or/fJe + l' (C + I taa '> • 0 , 
I' Oa/Oe + r: .(C + I tan. 'J • 0 (43) 
'?Mia. + 1 ta 4 • -e (AA) 
it Uku tll• •t_._, tcma of• llmtar Cli·tf•W•ltal ••ttn of a. f'r•t 
orital' o. ,, 3J). fth ...-cJ.on ca euilr N 1atep•htl s.a· ._ follow• 
tq va)'l 
t ta.& .. ' • 
(M) 
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I' I•~•• tan' • C/t 4 • 
cou 
t r • • o ac • ff/2. 
I a lo A.Sa, we o tai 
roe t.c• 
•'lf/2 .,. ' • C/tu' • 




tb:tA co..Sttt ia 
1 .. (c/t ')<•"'/2 tu 4> (•.a ta '> • /tu ' (At) 
Tf/2 
=4 t. r (I UD 4) (r dt) (r) , 
j 
0 




Su aUtutl • val • of fro11 q\Ultl Ma tato atio A7, w 
tr/2 
• 4 L ~2 C (•tan 4 (7f/2•t) • 1) d 
Y/2 
Hr • 4 L r2 c (•tan ' (Y/2•8)) • (A7b) 
0 
latesrattaa £4uatton A7b, w a• 
httt l t• Uatu 
1fr • 4 L r2 C [ · /2 • 1/ta '+ l/t '( .. r/l ta -J (A7d) 
I' (A7•) 
1'1a4a .,._t alkMat • ceat•'l' of tla• vau • to tlae cob.eat .. force• 






...... ta.at t ..... la mai Orll ........ oa tM ... 
Thu. tbe total .,..t hflUired to '9azo dae eo11 wt • qllMlrloal 
..... 0 dS....t•t 2r leqth t. l• 
tar· + ., 
01' IC,• 4L t'2 0 ~Y/2 :: • 1 •ff/~ 
• 
. • 2 't' .,2 C [1.i1o~1iJ + 4 I. r2 C ~"'!.. "; '·l • T/~. (AlO) 
l3J 
"' • 2 T .. 2 c [i. + I~ 
• 4 r3 CI. [ca! jl toa_(l • 'ff/2 - ti) + '11'/tJ . (AU) 
TIM tr•t tea of tb.1 ..,_, Uthe 
lOD All 
S.• to dMa fie Uonal fore... 'l'lll• •900M teat u · t ...-1 
•tt&d1. 
tlOG All Qta._ ea upOMioa loa. (1 • 
• ' • 2hr, tlal• •Jlfl'M•l.oo. ie -.al to - "° , 
ta.. .... t u ••ual to + o() • t'bu ... ltf.a ..... to " uar .. u ... 
tic; ta ' • 2/"11 • .66 i• • naU.a k eoll coedltloa.- ONentaa ftpn 
41, I. wul ... tha die to,._ 
•• flDt • fo~ 0 S 4 < 'ff/2. !be COl'flUe llaould 1*:w w17 wp • 
f orc• 14 ruul ta • 
r..-12 Ula.. l 
., • 4 I. r2 C L' t• ' • I • T/~ , (A7•) 
aad i• c tf.llUOll• la tlli9 lotend 0 ~ '< tr/2 _. .......-. tM 10. 
' • Y/I ..,..totic•Ur .. ' .,,roao .... T/2. ....t, •7• .... to " • 
l'MU.• f.c •MP'l'•• 
n.•ton •T/2 ua ' .. & • 
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"r • 4 L .., C ['1'/2 • W'/~ •O • 
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1• r t tl an. tbe aot.1 ....,1. dtM•.toDI tt 
cue of • ltd c11Wr1cal ... l• ltJ .,._ Md fouata!Dt 
(21) .. fo11owe~ 
.......... t ......... 
1. A "" ewfAtf.q to.- ta applf. . to ta. •'-t pan ol tM IOil 
orU.Dller iacl lHttvMB t1ae .._ .... _, 11.,.. 
i. All of ...al loacl ~lted top of dMt lta la ..-11 
f.aCl'UM&tecl ner • tlwarlq pl .... 
• ttae race f • ala o..- tbe r-.. 04Joutttaa bat •aU.ai1•1• 
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(11) 
Ve let I • t ('), •n l• tile ...._ .... •tnn _. f (4) t. uoJcaowa. 
C:O.f.dtt ...._Uln'f.• I daa e1-tal'J rlaa I ridtlt 4• ... r•tu r. 
For Al\J' aaa:1• of wiat. t1Ml dtff..,.et.al force Gu l'lQS te 
21fr l'I • (12) 
laaer f. • • .CC'>, we tat t r die tllffen ul Ion• 
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a • t>.Siut of -.tl ...,1. 
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H • tvf.•tln& tol' ... 
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.._ .... t.atat h ta~ l'ba c1a.,... of ~ wida ....,_ 
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11 • tlMl aal• ot tvUt _, 
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3/t 2 11' c2 [t (rt/ll)J dr • (3/8) M 
0 
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nau •• tile upr .. ato of tbe •laurtq •tr ...... fuactio1' of tlae 
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approxi•bd wry cloMlJ 7 tlae foU.owf.aa exprual.oa1 
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(IU) 
,,...,. H • •'d•M COi' .. ft:'Oll 1-...,,..,-.le ot ltd.9t CU>ne. n. proof 
Gat; till• _..,._too i• •l•JM• to uaumq * _..._......., 
t•TNf eo:t.ftet.du wldl CM Ma1•• hr .. , it.\ odaal' tlR'4a tlaa -j-
......... •tt'9U t.. untfoaly dUt•ihtad OMI' dMI pl_. of faU11s:•. f.• 
• follont f!tpn 42 ·lhow tlM pl_. of fatlUM _. tbtt 4tftuatfA1 
•Met.ea :f•a• Mllq on• clU'f•reatt•l ._ tn. tbe plaM of fallvn. 
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..,11f1ec 1 a leatlaklt llectr tc Analoa Collputel' (rl .. r• 45), !IMa 
input .olt... to th• ..,1slt•r .,.. tat•ar•~ wf.tk re•pect c if.Ila. ta.. 
J.n.t•tral 1• 
ti 
• 0 • •(ti )1 •1 cit • 
ti 
r• •0 • o.tput voltaa• 
R • r•l•tmca 
t. s... 
Wlunl tile cMl:t ,...r .,.. pull..S put tM ,_ at a oo•uat ••t•, 
ti.M, t, v• pnporcl_.1 to tlatt dietao• atooa tlM ,...r. 11aae • 1 w• 
proportt l to tM i.ataac• ro•• thtt ..,.r, dua la"pal. 
t1 
•t 4t, •• propol'tioul t cM tl'ued ...- Oil tile ,.,.r. 
ti 
llTf! 
ttMtr• t• • tnlle"9t •ttor ta tbt• t.at•sr•ttaa .,.t.. ot.Hne 
rtaun 46. Couf.clei- tM li• .Al• die NM or a•ro U.M. t.l• Cl> la 
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unklaa4• wlta• I ti. nt p ta p portt.oaal to • l tud of 
I al · I • lt • 14 k .. 
llac• •SA t~ t for ... 11 ... le•, tlMt •rror tn-.ol,,.. la ... 11. If 
"9tJmM1ctl MIMS! 
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tlae trlaal•. 
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CENTER OF ROTATION 
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111Mtr•· •p/c • wlocltJ of t1ae ,_ relattw to tM c•cer • w •lo t ft , 
Ve • ,,.1401.ty of tbe 4Uhl" • 4o./dt • 
or t 4ltf ..... ~ fon U/dt. • ir •f.• I ( /dt) + 4a/4t • 
....... c. ''-· 
els • I' ., .... + •• • 
• o, aad t • o .......... 
• • • '" coe I + 
0 
(Cl) 
fi .... la IC1 (t/11)•· lie let•• 0 ...... t • O. 'IM rt.ala c • 0 U •t 
0 
• dhtellff 11 • r to the left of • • O. k1 ii a aal• f•tor ktwea tJMa 
Ml• J.eoatb, 1, f tlM tl'taq1- ta .-.cc-aul• a.o•cmllut• -4 tM kM 
Mm•~• • t be tnc• o tM ftpr• oa tbe etrtt olawt. 'Ille total 
lenat.t. of ct.. nquind co trM• tile ft.pre oa tile •trip 
1.-cloo. Cl ..__.. 
a • r • r ._,. I + 11 (cl i) I . 
c t.• l• lo 
(Cla) 
l 7 
l dlff r• lal fo f. u 
dy/d llil 0 9 /d.t ... Q (C2) 
...... for 1 La f 
1 u • •c•le aocor ltetween daa ta.qllt, 4. of tile tr1-l• _. tile 
ut• I '••1-• of tM fl.Pl'• ... tM •trip claut .... ti la .. Mfore • 
.._. C2'ft1 U dM la .... too C • 
ua tatqrah .... t C2 la ti.. folloriq .... ,., 
t d /dt • r."41t1 
- • c1t. !( dt 
looadHJ coadltloD (t) I • I vbn t • t • 
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· ca lde • foUovtna n1at10Mhlp defllle I .., to flad OM •· 
0.0 • Ii •l (y/r) 
•. -·l [1r2 ; z!>'J . 
009 8 • (II .. z?J~ 
~ 
(C3) 
We ca rwrU:• .... ttoa CJ t.7 tM tollowf.81 •hlNJ •tace t _. 1 _.. 
........ t ...... w. 
(et.) 
.._tton C4 i• U. ...-a1 ...-cton I•• • rialat cd-.1• ln •tl'l.p obut .... , ...... 
..,, to prowe daat tlM .,..... ue .,..1. fll'fr• 41 ..._. th rlpt 
* •ttlp cbart. It 
Mn ....... for th• ..U of •U.U.cit7,, 
..-i o unlty1 &t • E2 • 1. 
t th• ••1• f aotod _. 
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d 
• 
• Al/2 ... A(rt• 2) + f (~2·,2) Jj q • 
1 
0 
11 • • of 
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PlFN 51. 
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l toT•lon t•t-loeMl •tn.a• • 0.61 t••• t.. 
t loreioa cut••lotlllll •erua • 1.32 p.a.t.. 
8 !Ol'atcm tut••lol'Ml •U.a • 2.02 P•••l• 
S 'lo'r•lon tMt••lolMl •ti'•• • 2.73 •·•·'· 
) tor•lon tdt••lorMl atreaa • 3.44 P••• l• 
4 l" ... t•t 
7 ,, ..... t•t 
6 hlk deule7·•"•)lttun c:oataat ..,le 
•m11u 
, f::ml . 
1 2 3 ,. 
trut111ac: "°• s 1 l 1 
3 7 ) 7 
7 J ' 
, 
4 4 6 6 
2 2 1 4 
1 6 4 • 
6 J • 2 • • l s 
11a1t.11 
4 ' 3 4 t 4 t ' 
3 1 I 2 
2 • ' • 
' 2 • 6 1 5 4, 1 
• 1 ' ' • , 6 ' 
f.nel .. , O.,d& 
1 , ..... 
2 ... , .. 
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4 l 2 , 4 
• fnatmaa ao • J.a DO. !T .. CMllt no .. 
l 1. 4 1 l 
J s 8 2 
6 2 3 • 3 4 1 ' '1 4 
a 4 7 ' ' ) 3 1 4 6
2 6 2 3 1 
1 • 2 a 
I Aotk It 
a 4 2 3 
6 2 4 6 
2 .s 7 ' • ' 1 
1 6 3 1 
' • • 3 1 1 4 
7 1 • 2 
Tr••tMnt 
Toreloll t••t••aorMl att· .. • • 0.61 p ••• t. 
Ot'ttiOD t .. t-•DOrllal 8tl."e .. • 1.32 p.e.t. 
!or•1oa t .. t ...... Ol'Ml •t ..... • • 2.02 p.e.l. 
Tor•io t .. t•• rmal at • 2.73 p.e.t • 
TOl'•ioa t•t••nonial at1'•• • l.44 P·•·'· 
1° v- t .. t 
3" .... t .. t 
lk den1ity•-aoi1t\a.._ ont• t • ...,1. 
' a ' 2 4 1 • 4 
1 1 6 
6 2 7 ' 
8 4 6 
2 1 4 1 
s J .s 3 
7 3 2 1 
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Jal• 11. .... ...... ~ •tr••• ., ........ ••r11. ror1'°11 t••t * 
fl•ld ., .. .. 
w.u.. 
lfone1 ... ,. .......... 
lt'C'••• IU.al ..... ., 
l.ft!l 
' .*itask, · z- • 1·u &bl\a,1 . .. " • l"l&a.) .&!e. ·llt/g. 2 
1 l 0.61 '·'' 6.26 1.32 3.80 6,9·7 i.oa •••• ,., . 2.13 ... , 4.06 
'·" 4.81 J.68 
11 0.61 4.56 1.19 
1.32 .a.oa 2.52 
1.02 2,53 2.26 .. ,,, $,31 '·" 3.4lt 3.04 3.06 
Ill G.tt 1.78 '·'' 1.ll 3.~ 2.12 
1.02 3.10 l .. )J 
2.13 4,0S 8,83 
J.44 9.62 l.2' 
lt' 0.61 6 .. 07 3.13 
1.ll '·'° 3.77 2 .. 01 4.&5 2.1) 
2.7J s.o, •••• 3.44 6.tJ 17.21 
2 I G.61 9.11 '·°' 1.JI 4.0J 3.40 
a.ot 611'4 S.Ot. 
2.73 1,60 4,94 
J,i.tt 6.07 s.ao 
16$ 
tat.le u. (Gontf.GUft)' ... .... 
lonal .... , .. . ..... , .. 
Lt!!& •!nk . 
•t .... •2 •trut2 ..... ., 2 
!b{l1 •. II I l &"l'•t J .1a,•lbltna., 
11 0.61 t.11 , .•. 
1.32 s.et '2.4S 
1.01 3.14 4.U 
2.'13 7.34 17.62 
3.44 6.58 4.29 
Ill 0.61 9.36 ••• 1.J2 ).54 .... 
·1.02 '·°' 3.38 2.73 4.30 6.71 
3.44 t.11 6.St 
n 0.61 4 .. 11 ll.6J 
1.s2 1.12 J • .52 
2.02 1.01 5.49 
2.73 1.:a ••• S.44 6.83 u.10 
, o.•1 i.ao 2.6S 
J..32 4.11 1.16 
t.oa 3.'4 $.01 
2.7) 7.14 3 .. 32 
3.44 s.12 4.14 
II 0.61 4.05 2.08 
1.32 4.11 2.90 
2.02 ••• 1.88 t.73 1.01 3.16 
).44 1 •• 2.67 
IU D.61 a.SJ 1.97 
1.31 4.30 2.60 
1.oa s.32 tt.13 
2.73 '·'' 3.16 3.44 S .. 57 ., .,ti 
1¥ 0.11 '·'' o.9J 1.)2 4.30 1 .. 52 
t.01 ,.,. 1.at 
t.73 S,J7 2.00 
l.44 S.$7 4.4) 
tel• u. (Corltf.n!dcl) 
---.... 1 AHl'lq •Mwi .. 
•t~•. •tr•• ••r11 2 
Lm\ ?. !&osts. , ( UtLh1 3 .. 11tl&J· l ' &Je•1!»/JJh 
4 ,z 0.61 J.,IO o.,·2 
1.,32 '·"" t.n 2.01 4 .. J6 3 .. 00 
2.7) 4.56 2.97 
'·~· ... , 2.70 
11 0.61 3.IO l.97 
l.:JZ 4.JO J.Zl 
2..01 5.06 a.11 
2.7J ,.06 3 .. 1, 
l.44 6.07 4.90 
Ul 0 .. 61 '·"' 1.24 1.31 S.32 ~ .. u 
2.02 1.01 2.21 
1.7.S ••• 3.06 3.44 .... , 4.11 
19 0.61 4 .. 30 4.11 
1.s2 S.06 l.17 
2 .. 02 .. ,. l.91 
2.73 , ... i.11 
3.44 5,57 S,SJ 
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t•t• 12. Ha.._ •-taa •th., .a • .._ .... ••1':11· fol'tloa h•t • 
:lt•IA D.-1 ...... 
tfo.-1 •1'4••1.aa ......la& 
ldltl . I l&e.s.l ii I . I I 
ttTMtz ...... .... ., 2 
\bl&n, k ' t1tl&Q ·2 . In:"" &!!li!h , 1~lr I i _l If 
t t 0.61 6 • .18 ••• 1.31 t.62 1.14 
2 .. 02 s.0.1 2.49 
1.73 '·'' 4.Sl '·" 1.01 S.96 
11 0.11 8.10 6.08 
1.)2 l.80 2.88 
2.01 6.07 J.34 
1.?J J.J4 J.14 
3 .. 44 S .. 82 '·'· 
ttl 0 •. 61 4.S6 2.2tt 
1 .. 32 6.01 '·'' 2.02 6.01 3.,60 
2.71 6.07 4.18 
3.44 •• u. 1.10 
O.t1 5.J1 2.43 
1 .. 32 s.e2 4.07 
2 .. 02 J.06 2 .. 41 
2.73 6 • .SS 3.IJ 
l.44 ••• 4.49 
11 0.61 3,0ft OitSS 
1.32 4.0J 1.18 
2..02 $ .. 06 :s.10 
t.73 7.Jt 4.50 
3.44 6.07 I.ta 
0.11 6.07 3.21 
l.JI •• 57 J,.Ol 
z .. oi , ... 2.a 
%.73 s.s1 J,.99 
3 .. 44 4.s1 J.lf 
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... , .. 
lfona1 lbtlad•• l.._1.aa 
•tl'M• ••••1 .... ., .· . . 2 l\l•utli.2 bl l1>lba I ; i - AH !ltlllt, H I 1 11 . I Lt!!& ,11'9 . 
, t 0.61 s.so 1 .. 15 
1.12 1.81 2.1.S 
2.0I 6+07 , ... 
t .. 73 5.82 ••• J.64 6 .. 51 1.s• 
ti 0.61 4,.38 % ..00 
1.s1 5.82 i.a 
1.02 $.82 J.15 
1.73 6.0J 2.tt 
1.44 s.11. 3.91 
Ill o.•t 3.$4 1.98 
1.12 '·'' 4.SO 2.t>l 4.0S 1.06 
2.1) 1.09 S.l8 
'·"" '·'' z.11 
' 0.61 3.54 1.11 1.31 1 .. e» 3.61 2.02 '·'' 4.87 2.73 .... t.48 
1.44 f .'4 4.ll 
ll 0.61 4.0.s l.ff 
1 .. 31 6'101 2.10 
1.12 .... 1.11 
2 .. 73 ••• .... S.44 7.34 t.81 
Ill 0 .. 61 $ .. 32 2.31 
1.32 6.,)1 ., .• 
1.oi 5.J7 '·'' 1.73 •.. , s.11 
3.44 '·'' 4.41. 
16t 
f&!\!!, 1'I - LtJl1 . f b 11Qll t 
1-1 1 l 35.10 21.12 
It lt.92 17 .. 44 
lll so.s2 48.46 
I 17.15 ..... 
II 2'.ll 18.tl 
Ill )1.11 48.46 
3 I 28.72 44.18 
tl ''·'' JS.90 lll 17.t' 11.ts 
4 I as.ts .. 1.0J 
u JO.Si 11.a1 
n1 31.10 u.1:1 
l 10.11 46.67 
IS • • 
lll ... 12.11 
" .. 62.82 
I I 31 •. 31 41.28 
ll n.ts 46.67 
Ill 21.54 46.67 l' tf .95 43.08 
I 21.54 ··"' ll 21.'4 46.67 
Ill n.tJ 46.67 
lf 11.t.s 59.24 
' 16.1& 21.71 lt lt.56 ls.to 111 •• 72 31.10 
xv 11.Mt 6'.62 
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